SPECTROPHOTOMETER 
PHOTOFLUOROMETER 
NEPHELOMETER 
SENSITIVE GALVANOMETER 
TITRATOR 


VERSATILE. ..A single selector switch adapts the 
UNIVERSAL instantly to spectrophotometry, nephe- 
lometry, photofluorometry.. The sensitive, easily read 
beam galvanometer may be used for micro-electric 
Measurements. Titration is simple and precise...a 
sound investment anywhere .. . offering maximum per- 
formance for dollar value. 


CONVENIENT... The UNIVERSAL... wherever 
speed or flexibility is important. Automatically main- 
lains constant Band-Pass. No need to calculate and 
readjust slit width with each change of wavelength. 


PRECISE... Exclusive Coleman design combining the 
convenient diffraction grating with a precision galvano- 
meter insures accuracy in the simplest possible manner. 


For complete details about the Coleman Model 14 


RELIABLE... No mechanical complexities . . . analyti- 
Universal Spectrophotometer . . . Ask for Bulletin BB-212 


fal settings can be reproduced instantly and exactly... 
NO amplifiers or vacuum tubes which change with time. 
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Have 
received you 
copy this 
valuable 

new catalog! 


Here is the Laboratory Chemical Cataleg you have always wanted. per 


It lists the complete line of Baker Laboratory Chemicals, and it gives you 
specifications for all ‘Baker Analyzed’ Reagents—the laboratory chemicals with 


the actual lot analysis on every label. Latest prices for all chemicals are included. 


One glance at this new catalog and you'll want it at your fingertips, ready for 


constant use. 


If you haven’t received a copy, send for one right away. There is no charge- 


just ask for the New Baker Price-Specification Catalog. 


Address: J. T. Baker Chemical Co., Dept. 50, Phillipsburg, New Jersey: 


Bakey Baker Chemicals 


FINE + INDUSTRIAL 
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A.H.T. CO. SPECIFICATION 


AIR DRIVEN STIRRING APPARATUS 


OF SIMPLE DESIGN AND HIGH TORQUE, ESPECIALLY AT LOW SPEEDS 


These Air Stir- 
rers replace, for 
many purposes, 


stirrers withelec- 


tric motor drive. 


9224-B. 


AIR DRIVEN STIRRING APPARATUS, A.H.T. Co Specification. Of simple design and high 
torque, especially at low speeds; with piston drive, for operation at variable speeds by means of com- 
pressed air or vacuum. Operates on pressures as low as 2 lbs. Recommended particularly for use in 
laboratories where volatile liquids or explosive vapors make hazardous the use of many electric stirrers. 


The piston drives a sturdy machined flywheel, 3'/, inches diameter, and attached stirrer shaft. Air 
under positive or negative pressure reaches the piston chamber through a hollow tube, 4 inches long, 
X */s-inch o.d., by which the apparatus can be attached to ordinary support stands. The adjustable 
chuck takes metal or glass rods '/,-inch diameter. Rubber tubing '/,-inch bore can be used to connect 
the Stirrer to pressure or vacuum source. 


Maximum speed, without load, at 15 lbs. air pressure is approximately 2500 r.p.m. which can be re- 
duced by changing the pressure at the source. Requires approximately 1.3 cu. ft. of compressed air 
per minute at above speed. Will mix 4 liters of Aluminum Hydroxide 10% solution thoroughly in a 
4 liter beaker using 15 Ibs. air pressure. 


9224. Stirring Apparatus, Air Driven, A.H.T. Co. Specification, as above described, with adjustable chuck and stirring rod 
of Monel metal 9 inches long with propeller 1'/2 inches diameter 


9224-A. Ditto, with adjustable chuck but without stirring rod 


9224-B. Ditto, without chuck or stirring rod but with shaft, 7/;:-inch diameter, extended approximately 2 inches for affixing 
stirring rods by means of rubber tubing secured by wire, etc. As suggested by the Squibb Institute for Medical 
Research. Its use increases personal safety and permits the stirrer to be used either remote from, or at an angle 
to, the shaft if pressure tubing of suitable length is used for flexible connection. Without glass stirring rod or 
rubber connection 


10% discount in lots of 12, singly or assorted. 


ARTHUR H. THOMAS COMPANY 


RETAI L—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 


Cable Address “Balance,” Philadelphia 
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CHEMISTRY 


PHYSICS 


HANDBOOK OF DANGEROUS MATERIALS—Sax 


CHEMICAL ENGINEERING 


MATERIALS ENGINEERING 


METALLURGY 


REINHOLD 


METALLURGY 


This amazingly complete reference book offers invaluable information 
to those di y concerned with safety —— especially in the manu- 
facture, use and shipping of chemicals. It makes readily available 
simple, concise and authoritative statements of the hazards involved 
in thousands of dangerous materials, specific instructions on how to 
minimize them and useful t aid information. Not only is this the 
most complete book on the hazards of general chemicals but it also covers 
explosives, fungus infections and radiation safety. Information includes: 
toxicity, flammability, storage, handling, physical properties and ship- 
ping regulations. It also contains the complete up-to-date revision of 
the I.C.C. Shipping Regulations which will prove welcome to many users 


of this major reference work. 
1951, 850 pages, about $15.00 


PUNCHED CARDS: Their Application to Science and Industry— 
Casey & Perry 


The first comprehensive summary of mechanical devices (and punched 
cards in particular) for scientific information problems is presented in 
this long-coveted volume. All those concerned with handling large 
masses of technical data will find the techniques described in this 
of utmost value. It describes in detail how to store and codify for im- 
mediate reference the vast literature of science through the use of punched 
cards. The advantages already achieved by using punched cards have 
resulted in their effective application to an ever-widening range of prob- 
lems. The purpose of this book is to make existing experience and meth- 
ods available to all those who deal with scientific and technical informa- 
tion and who must find what they want quickly. 

1951, 514 pages, $10.00 


THE SURFACE CHEMISTRY OF SOLIDS—Gregg 


This book is a systematic survey.of the various branches of the surface 
chemistry of solids. It deals with all those chemical and physico-chemi- 
cal ee which relate to the activity cf the surface of a solid, or 
to the interface between a solid and a gas, a liquid or another solid. The 
author treats many of these phenomena, such as the adsorptton of gases 
and vapours, the spreading of a liquid over a solid, catalysis and adhesion, 
with a consistent viewpoint as far as practicable. He summarizes and 
evaluates the theories of leading workers in these fields. Emphasis 
Soares is on general principles in order to simplify an exceedingly 
complex subject for the benefit of students and others who are not well 
versed in physical chemistry. 

1951, 307 pages, $8.50 


MICROBIAL DECOMPOSITION OF CELLULOSE—Siu 


Contains the only Lage gana collection of facts and data dealing 
with the whole story of fungus and bacterial attack on cotton fabrics. 
Gives a clear, unified picture of the structure of cellulose; the biochemi 
cal mechanism of its decomposition; the physiology and manner of at- 
tack of the microorganisms concerned; and methods of preventing at- 
tack and protecting materials against deterioration. An undertsanding 
of the basic and applied work on the decay of cellulose products caused 
by bacteria, fungi and mildew—as described and critically appraised 
in this book—will help in the fight to prevent billions of dollars of annual 
damage resulting from the microbial destruction of books, paper, rope, 
photographic supplies, cotton textiles and wood 

1951, 538 pages, $10.00 


MODERN CHEMICAL PROCESSES—Industrial & Engineering 
Chemistry Editorial Staff 


A significant collection of articles that deal with many modern chemical 
processes operated on a full-scale production level and never before 
so completely described. These include preparation of heavy chemicals, 
liquid fuels, food processing, synthetic rubber, chlorophyll, drugs, pro- 
tective coatings, asphalts and others. A very useful reference for 
teachers of chemistry and chemical engineering. It is hoped to publish 
similar, carefully-chosen collections every two years. 


1950, 230 pages, $4.00 


QUALITY CONTROL AND STATISTICAL METHODS—Schrock 


The step-by-step operations of applying statistical methods to modern 
industrial quality control. Includes problems as may be found in the 
growing and packaging of food, steel products, errors in filing, mail 
orders, clothing, lumber, controlling overtime, optical instruments, tex- 


tiles and polls of public opinion. 
1950, 250 pages, tables and charts, $5.00 


INDUSTRIAL CHEMISTRY (5th edition)—Riege! 


This nationally established textbook covering 50 major industries is 
especially designed for students aud for all who wish a handy cross- 
section presentation of the chemical and process industries. Ideal for 
those involved in industrial or chemical research. Replete with produc- 
tion , tables, charts, and diagrams of equipment. 


1949, 1,020 pages, illustrated, $7.50 


REINHOLD PUBLISHING CORPORATION « Dept. M-307 © 330 West 42nd Street, New York 18, N.!. 


MATERIALS ENGINEERING 


CHEMICAL ENGINEERING © CHEMISTRY 


PAINT AND VARNISH TECHNOLOGY—von Fischer 


This is the first comprehensive one- volume presentation of the Chemistry 
formulation, manufacture and applications of paints, varnishes, lac; ers 
and enamels. Numerous illustrations, charts, tables of data and bible 
graphic references enhance the value of this book. 


1948, 505 pages, illustrated, $40 


BEET SUGAR TECHNOLOGY—McGinnis 


This is the first comprehensive book in English on the manufacture oj 
beet sugar in forty-four years. Presents in a coordinated and readabh 
form all the information pertaining to the beet sugar industry. Thi 
volume was prepared by a group of experts. It covers in detail the 
history, ics and especially t hemical engineering method 
It describes the growing of 


y e 
used in this rapidly expanding industry. 
sugar beets and the extraction methods used in foreign countries 
weil as in the United States. Special attention is devoted to the tech. 
nical and agricultural aspects of the subject. This volume will becom 
a standard work of reference for everyone in the sugar industry for many 


years to come. 
1951, 550 pages, $10.0 


CHEMISTRY AND USES OF INSECTICIDES—de Ong 


Written by an outstanding student of entomology and agricultun! 
technology, this book covers all the major insecticidal agents in detail, 
describing not only their chemical nature and properties, but also their 
‘specific action on various types of insects, their methods of application, 
and their effect on animals and humans. 


1948, 330 pages, illustrated, $6.75 


CATION EXCHANGE IN SOILS—Keliley 


This long-needed treatise explains how one of the most important 
phenomena of the soil—cation exchange—takes place and how the er 
change process affects the soil. Every known phase of cation exchang 
is discussed including origin and history, evolution of concepts, the several 
theories, basic principles and their relationship to soil types, soil prop 
erties, fertilizers, soil acidity and alkalinity, plant nutrients and geological 


processes. 
ACS Monograph, 1948, 157 pages, $4.50 


ALKALI SOILS: Their Formation, Properties & Reclamation—Kelley 
Deals in considerable detail with a soil problem which, in recent year, 
is becoming of the utmost importance to vast agricultural areas. Dr. 
Kelley’s researches are exhaustive and they provide a basis for dealing 
with the alkali soil problem which has heretofore been lacking. Th 
book covers the problem and its solutions in terms of ion exchange and 
comparisons are drawn to the condition as it exists in the western United 
States and in Russia where much work has been done on the same sub 


‘ect. 
ACS Monograph, 1951, 168 pages, $5.0 


NATURAL PRODUCTS RELATED TO PHENANTHRENE 
(3rd edition)—Fieser & Fieser 


Continues and expands the brilliantly constructive work with which 
the authors have been associated for many years. It covers, for example, 
such compounds in the Phenanthrene group as morphine, the sterols, 
hormones and the steroid group of alkaloids. Provides easy access to 
new schemes of synthesis and new theoretical concepts. 


ACS Monograph, 1949, 680 pages, $10.00 


BYPRODUCTS FROM MILK—Whittier & Webb 


This is the first comprehensive book describing in detail the physical 
and chemical characteristics of milk, skim milk, whey and buttermilk 
and their components. It gives methods for converting these products 
of the dairy industry into products for use both in foods and in not 
food products. Flow charts are employed to give overall pictures of 
processes. The chapter on Bakery Products is —- and should be of 
special interest to bakers and nutritionists as well as to producers 
concentrated and dried milk products. Basic information on tk 
chemistry and nutritional value of the components of milk, and on 
behavior of milk byproducts during heating and other processing treat 
ments and the directions for making such products as fermented milks, 
whey cheeses, condensed and dried whey, bread, ice cream mix, candy, 
milk sugar and casein, etc. miake this book invaluable to manufactures 
of dairy products, research workers in food and nutrition, proces 
supervisors and students of dairy sci and technol 


1950, 325 pages, $6.00 


OUTLINES OF FOOD TECHNOLOGY (2nd edition)—Von Loesecke 
Simply and clearly written in semi-technical style, this established work 
covers the latest developments in food preparation, handling 
technology. The new edition—revised, enlarged, profusely illustrated 
—has become an even more valuable text for use in colleges of agriculture 


1949, 583 pages, illustrated, $7.50 


Send for copies on approval 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIALS AND METHODS, PROGRESSIVE ARCHITECTURE, Scientific 
Technical and Architectural Books, and Advertisement Management for the American Chemical Society Publications, 
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GENERAL CHEMISTRY 


By Wiiuiam A. Fetsinc and Georce W. Wart, The University of Texas. Third Edition. 
558 pages, $5.00 


Here is the new edition of this successful text. Greater emphasis is placed on fundamental prin- 
ciples in the elementary course in chemistry, and the changes that have been made are such as to 
provide a more rigorous course of study with particular emphasis upon the quantitative aspect of 
the subject. The number and variety of the problems have been greatly expanded. 


LABORATORY EXPERIMENTS IN GENERAL CHEMISTRY 
AND QUALITATIVE ANALYSIS Mutiple 


By Georce W. Warr. International Chemical Series. Second Edition. 230 pages, $2.75 — 


furniture 
Experiments in the second edition of this manual have been rearranged to correspond to the sequence tory euxi 
of subject material in the new edition of General Chemistry. Improvements have been made in the Eve out! 
directions of experimental procedures, and a series of flow diagrams, summarizing the procedures for signals u 
cation analysis have been added. ene 
heavy bi 


PROBLEM BOOK FOR GENERAL CHEMISTRY nck 


fine surfe 

By R. H. LeRoy, Agricultural and Mechanical College of Texas. Ready in December. No. CE- 

A supplementary problem book for general chemistry courses, this manual offers a selected number 
of the important problem types in a simple, direct, and orderly presentation. The continuity and 


generality of problems is revealed throughout the book. An introductory section provides a brief 
review of the fundamental operations of arithmetic. LANE 


EFFECTS OF EXTERNAL BETA RADIATION 


Edited by Raymonp E. Zrrkie, The University of Chicago. (Vational Nuclear Energy Series. 
Division IV. Volume 22E. In press 


This volume contains reports of studies carried on under the Plutonium Project, offering a collection 
of original reports from the most extensive set of investigations to date on the effects of beta rays 
applied externally to the surfaces of the mammalian body. Animal species investigated, in order of 
prominence, included the mouse, the rat, the rabbit, the guinea pig, and man. 


RADIOCHEMICAL STUDIES: THE FISSION PRODUCTS 


Edited by D. Massachusetts Institute of Technology, and NatHAN SuGAR- 
MAN, The University of Chicago. National Nuclear Energy Series. Division VI. Volume 9. 
2151 pages (three volumes), $18.50 


Does ne 
illuminati 


Arranged in eight Parts with each part preceded by an introduction written by the authors to ac- rg | 


quaint the reader with the terminology, details of apparatus, and specialized techniques which are ing arms 
essential for an understanding of the individual papers. Numerous Editors’ Notes provide infor- to 18 in 
mation taken from post-war literature and the Appendixes contain in tabular form a complete com- ings. Cy 


pilation of nuclear data on fission products dating through late 1950. = 
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330 West 42nd Street New York 18, N. Y. 
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Multiple Outlets from a Single Receptacle. Five outlet control—which can — 
be placed in a handy position. Avoids snarled wires and climbing under 
furniture or equipment. Ideal for heaters, stirrers, mixers and other labora- 
» tory auxiliaries. ultimate in breakage protection. The LANCO Rack is 24 
i inches long, capable of holding seven pieces of glassware 
, Five outlets. Three controlled by 15 ampere switches. Red neon pilot light ranging from 10 to 500 ml. cylinders or conical graduates, 
; signals use of unit. Eight feet of heavy No. 16 UL approved cord. Fused as well as other types of chemical apparatus. Installed by the 
for 15 amperes to protect house fuses. Interior wire assembly consists of [simplest means in your most convenient location makes the 
d has an finish LANCO rack a laboratory necessity. 
in black and red combination and the base rests on rubber feet to protect 
| LANCO STAINLESS STEEL BEAKERS 
BALANCE ILLUMINATOR 
Designed for the utmost in 
functional service the most 
useful shape with a 
ip that forms a steady, firm 
flow and No After-drip. 
) Highly resistant to most re- 
agents, for extensive use 
f throughout the laboratory. 


Strong and durable. 18-8 
stainless steel. Gauges propor- 
tioned to capacity. 

Insist on the Stainless Steel 
Beaker: with the LaPine 
identification. 

No. CE-2143—Stainless Steel 
Beakers with Pouring Lip 


FLUORESCENT ADJUSTABLE 
Does not interfere with sliding of door. Directs 
illumination where most needed—against pans and 
lance beam. Cool, shadowless light with an 


; 18 inch fluorescent tube. Polished reflector. Mount- 1.D. Depth Each Doz. Lot Ea. 
} ing arms fit cases between 9 and 11 inches deep, up 50 ml 1% 1% $1.20 $1.10 
- to 18 hes | N d f % 125 mi 2 2% 1.55 1.40 
inches lon © screws required for mount 
. ings. Case need not be drilled. Complete with 600 ml 3¢/i 434 275 2.50 
~ igh bulb, on-off switch, cord, plug, 100 V, 1200 nl 4 oy 3.10 2.80 
A.C. 3000 m 5%" 475 4.25 
K 5.45 4.90 
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MULTIPLE Plug-in Control GRADUATE RACK 
> 
<4 
No. CE-M619... $16.00 each 
CHEMICALS cece 
ARTHUR S. LaPINE AND COMPANY, f es Pm 121 W. HUBBARD ST., CHICAGO 10, ILL. 
BER, 


IN STOCK — ALL MODELS — CARTRIDGES 


The Bantam Demineralizer connects directly to any water supply and delivers 
the demineralized water in continuous flow. The flow rate is 5 to 8 gallons 
per hour. No heat is employed. The water is purified as it flows through the 
cation and anion resins within the renewable cartridge. 


A new direct reading t Purity Indicator is now supplied on the Bantam 
as standard equipment. Tells you at a glance the quality of the demineralized 
water being produced, also when to change cartridge. For your convenience 
the meter is calibrated in specific resistance and in parts per million. 


The Barnstead High-Capacity cartridge is the cannister type and designed 
for easy installation and removal. Each cartridge has capacity to remove 
more than 1100 grains of salts from the raw water. The number of gallons 
that a cartridge can purify varies in different locations according to the 
mineral content of the raw water supply. 


#30-865. Barnstead Bantam Demineralizer, flow rate 5 to 8 gallons per 
hour. uipped with direct reading type purity meter, closely adjustable needle 
valve for inlet water, drain petcock, rubber delivery tube, copper inlet pipe 
and electric cord. Inlet pipe is 4’ long and has connector for % I.P.S. pipe 
fitting. Electric cord 6’ long with plug is provided for 115 volt 50-60 cycle 
connection to indicator. Pedestal is removable. Packed in carton less cartridge. 


#30-866 Cartridge for Bantam Demineralizer Each $12.00 


Here is a self-contained unit that is simple and easy to operate, requires no fixed 
connections but gives you the mineral-free water capacity of more elaborate in- 
stallations. 


The Deeminizer is capable of removing all salts—all ionized solids including 
carbon dioxide and silica—from raw water and testing instantly the mineral content 
of the water produced. The parts per million of impurities are indicated on the 
instrument dial. Use several units where production line capacity is needed. 
#30-867 Deeminizer, 115 volt, 60 cycle A.C. without cartridge 
#30-869 Deeminite 


A convenient and inexpensive unit designed expressly 
for users of small amounts of chemically pure water where 
larger and more elaborate equipment would be impractical. 


The LaMotte Filtr-Ion Unit is attached to any cold water faucet by an elastic 
cap-fitting on the top of the cylinder. The water supply is turned on and the pure 
water is led off in an eighteen-inch delivery tube. 


Each unit is capable of producing up to 10 gallons of chemically pure water, quality 
of triple distilled water, with a pH of about 7.0. The exact amount of water 
produced depends upon the mineral content of the raw water supply. 


#30-871 LaMotte Filtr-Ion Unit, complete... 
#30-872 Refills for above, per $3.50 
SEE OUR EXHIBIT’ (Sufficient resin and filters for twice recharging the original 
You are cordially invited to visit our exhibit unit.) 
BOOTH #383 
23rd Exposition of Chemical Industries 


E.MAcuLett & SON 


NOV. 26 TO DEC. 1, 1951 ESTABLISHED 1897 


Please write to tell us the number of ad- 


cards you desire and these will be Laboratory APPARATUS + SUPPLIES + CHEMICAD 


mission 
forwarded with our compliments. 
220 East 23rd Street: NEw York 10,N.¥ 
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‘Projectamatic’ 
Model AB-1 


the Fastest Repetitive Balance ever Developed! 
Check these Highly Advanced Features 


@ Automatic Dampers at beam ends assure §@ V-end beam support, plus arcing-type beam 
quick, positive readings. arrest give greater stability, less knife-edge 


© Scientifically-positioned screen with grad- dulling. 
uated vernier at working level with direct | @ Leveling screws cushioned with special 
reading to 1/10 mg. shock mountings minimize vibration trans- 


@ Specially designed completely new projec- fer from table or laboratory room. 
tion apparatus with scientific optical sys» | @ Smooth-acting vertical rider lifter moves, 


tem means sharper, clearer image on screen. in one motion, over entire graduation in 

@ New, tapered case design focuses even light both directions. ; 
on reading area, provides greater working § @ Functionally engineered case construction 
access, of rigid, non-magnetic aluminum. 


Ask your Supply House Salesman about 


the new ‘Projectomatic’ Balance today, or write: CG * on Ly y 


Division of 


THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, N. J. * Sales Offices: Chicago + San Francisco 
Please mention CHEMICAL EDUCATION when writing to advertisers 
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THE 


ELECTRIC 
DRYING 
OVEN 


The Sargent electric drying oven was designed 
to fill the need of chemists for a dependable, 
low-cost, automatically controlled oven with 
a long service life. That it has achieved this 
objective is evidenced by the fact that thou- 
sands of these ovens are now in use in labo- 
ratories all over the world. 


THE MULTIPLE CHROMEL WIRE HEATING ELEMENTS are arranged to 
give even heat distribution throughout the entire oven. 

THE VENTILATING SYSTEM provides rapid transfer of air through the 
oven, which results in an exceptionally fast drying rate. 

THE METAL WALLS are lined with 4” ‘Transite, to prevent excessive heat 
loss and the bimetallic thermostat maintains the heat in the oven 
to within +1° C. of the desired temperature. 

THE OPERATING RANGE is from slightly above room temperature to 
200° C. (392° F.). 

ALL CONTROLS—the three heat switch—the thermostat control and the 
pilot light—are located on the front panel which is actually the 
front of a drawer on which the heating elements are mounted. 
By removing two screws at each end of the panel the entire heating 
and control systems can be removed from the oven as a single unit. 

MAXIMUM POWER CONSUMPTION 850 watts. Dimensions: Outside, 
16” x 1134” x 11%”. Inside 9” x 1114” x 114”. 
$-63995 OVEN, Sargent, Automatic Electric, with Thermostat. 
Complete with shelf, thermometer (—10° C. to +-200° C. in 0.1° 
subdivisions), pilot light and cord and plug for standard 115 volt 
A.C. or D.C. outlets, Each 
$-64005 Ditto—but for operation from 230 volt A.C. or D.C. 
Circuits $41.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS « CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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FLAME PHOTO 


FOR BECKMAN DU SPECTROPHOT 


THE NEW BECKMAN 
FLAME PHOTOMETRY ATTACHMENT 


for the Model DU Spectrophotometer sets entirely new 
standards of compactness, convenience, and accuracy. 
It features a trouble-free all-pyrex atomizer-burner 
which sprays even cloudy or highly concentrated 
solutions indefinitely without clogging. In operation, 
the sample solution is discharged directly into the 
flame through the large diameter noble-metal atomizing 
tube. The flame is supplied by standard oxy-hydrogen 
or oxy-acetylene equipment. 


The compact, hot flame coupled with the excellent 
resolution of the Beckman DU Spectrophotometer 
provide an instrument capable of the quantitative 
determination of more than forty elements, including 
heavy metals and rare earths, as well as the alkali 
metals. 


This new instrument features the high quality char- 
acterizing all Beckman instruments, and is available 
at a new low price. 


H-59504 — Beckman Flame Photometry Attachment 
for the Model DU Spectrophotometer . . $395.00 


HA 


HARSHAW SCIENTIFIC ? 


DIVISION OF THE HARSHAW CHEMICAL co. 
CLEVELAND 6, OHIO 


© Greater Compaciness 


© Higher Accuracy 
© Lower Sample Consumption 
@ Maximum Convenience 


OUTSTANDING FEATURES OF 
THE NEW BECKMAN 
FLAME PHOTOMETRY ATTACHMENT 


Small Sample—only 1 to 3 ml of 
sample solution required per 
analysis. 

Low Fuel Consumption — 
about 8 cubic feet of oxygen per 
hour, and 5 cu. ft./hr. of acety- 
lene or 20 cu. ft./hr. of hydrogen. 
Aqueous or Nonaqueous 
Solutions —even combustible 
solvents may be used. Organic 
solvents often increase sensitivity. 
Automatic Sample Positioner— 
protects the operator, is fast, 
convenient, and precise. The 
atomizer-burner, sample-posi- 
tioning device, focusing mirror 
and adjustments are all unitized 
into a compact, cast-metal hous- 
ing. All necessary regulators and 
gauges (except standard regula- 
tors on fuel and oxygen tanks) 
are conveniently mounted on a 
separate control panel. 


| : 
other Important Beckman development a 
e 
asHAW SCIENTIFIC line-- 
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PRECISION-THELCO Cabinet Line saves consider- 
ably on low original cost and long service. Quick, 
thorough controlled-temperature; larger interior; 
welded construction; safety catch; non-char asbestos 
door-seal; baked enamel finish; selection to suit every 
purpose. Ideal for the limited budget. Bulletin TD-376 


PRECISION-FREAS Ovens, Dryers, etc. are defi- 
nitely the finest made for promptly producing, accu- 
rately maintaining and evenly distributing a desired 
temperature within 0.5° C. Table and floor models for 
every purpose, exclusive heater-bank and thermostat 
with 5-year Guarantee. Bulletin TD-330 


Your work can be easier, surer, more economical with the 
appropriate Precision apparatus—‘“‘utility’’ items to 
highly specialized instruments. Whatever your need for 
replacement or addition to your laboratory, choose from 


our 3,000 proved products eee 
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MAKE IT STANDARD PROCEDURE TO MAKE 


STANDARD 


YOUR SOURCE OF SUPPLY FOR ALL LABORATORY NEEDS 


| STAINLESS STEEL LEASHES 


FOR LABORATORY GLASSWARE 


defi- shell of stopcock. Beryllium bronze coil spring 

recu- fits around aluminum screw and two aluminum 

seal nuts are used to fix the compression in the 

sf spring against the aluminum barrel. An alumi- | 

num washer is used on the smaller size stop- | 


Here’s the efficient way to eliminate 
the annoyance of lost or misplaced 
glass stoppers and stopcock plugs! 
These Stainless Steel Leashes insure 
keeping these items with the pieces of 
glassware, to which they belong, at all 
times. The LEASHES fit the glass 
snugly and hold tightly, yet do not 
interfere with the expansion or con- 
traction of the glass under normal 
temperature changes. Made of cor- 
rosion-resistant stainless steel, they 
are non-rusting and resistant to oils. 


Smali Size.... per doz. $1.45 


TANDARD SCIENTIFIC SUPPLY CORP. 
4 West 4th Street | 


Extra Small... per doz. $1.35 Large Size 
Extra Large.... per doz. $2.10 
Medium Size _ per doz. $1.68 Assorted Sizes. per doz. $1.80 


This 

Single Size 
Adapter converts 
ANY glass stopcock 


So long is their life that they usually outlast the 
glassware to which they are attached. It is 
then a simple matter to transfer them to 
new glassware. 
To attach, the small spring loop is 
slipped over the stopper or stopcock 
plug and the large loop is slipped 
over the neck of the vessel or 
the shell of the stopcock. 

The five sizes, listed below, 

provide a range to fit prac- 

tically every size and 

type of glassware. 


A boon to all laboratory workers who require 
pressure stopcocks for burets, gas sampling and 
measuring apparatus, etc. The Universal Stopcock 
Adapter is a single size adapter which will convert 
any glass stopcock up to and including 4 mm. bore to a 
pressure tight stopcock. 
Strong and rugged with a functionally modern contour, 
it eliminates the annoyance of leaking stopcocks and the high 
cost of special pressure stopcocks. Completely of corrosion 
resistant. materials. 


Consists of an internal adjustable clamp made 
of corrosion resistant spring bronze, cadmium 
plated, which grasps stopcock plug and to which 
is fastened an aluminum screw. Fitting around 
clamp is an aluminum barrel which rests against 


cocks. 


UNIVERSAL STOPCOCK ADAPTER 


No. 9440D—For all glass stopcocks up to 
and including 4 mm. bore.....each $1.50 


New York 12, N. Y. 
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The great response to our two inexpensive laboratoy 


“rotameter” flowmeters and the large number of n 


quests for more versatile instruments, has led us 


the development of a set of rotameters to answer 


practically all the needs of the laboratory for the » 


sai 


curate and convenient measurement of flow at low cos, 


4. 


By means of three instruments, each one containiy 


7 a glass and a stainless steel ball, a range of air flov 


from 3 to 110,000 cc/min is covered. The same in 


struments may be used for liquids and will cover: 


range of water flow from .064 to 3,800 cc/min. Fa 


He 

4 


4 
+ 
i 

T 


those who require an all glass instrument because o 


extreme corrosive conditions, instruments with a singe 


335 glass ball also are available. Each instrument is sup 


ae plied with a ¥ ground glass male and female outlet » 


it 


that all glass connections may be made as well as the 


conventional rubber tube connections. 


: Instruments are supplied with a complete set of cali 


bration curves for air and water and correction chart 


eee 


for determining the flow of all other gases and nor 


viscous liquids (viscosities not too much in excess 0 


that of water), for which only the densities need k 


A 


known. 


PRICE LIST 


G9142—Flowmeter, “‘Rotameter", 10/30 
joints, male inlet, female outlet, covers air 
flow of 3-170 cc/min and water flow of .064 
— 2.8 cc/min. Supplied with calibration and 
correction curves for all gases and non- 
viscous liquid ea. 18.50 
G9142A—Same as G9142 but glass ball 
only; covers air flow of 3-66 cc/min and 
water flow of .064 — .605 cc/min...ea. 18.50 
G9145—Same as G9142 but with '§12/30 
joints and covers air flow of 100 — 12,000 
‘ec/min and water flow of 2-370 cc/min 
ea. 18.50 
G9145A—Same as G9145 but glass ball 
only; covers air flow of 100-6,400 cc/min 
and water flow of 2-130 cc/min.....ea. 18.50 
G9148—Same as G9142 but with F 24/40 
joints and covers air flow of 10,000—110,000 
cc/min and water flow of 350-3,800 cc/min. 
ea. 18.50 
G9148A-—Same as G9148 but glass ball 
only; covers air flow of 10,000-50,000 cc/min 
and water flow of 350-1700 cc/min..ea, 18.50 
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(Principle of Operation The rotameter is an instrument which measures tht 


rate of flow of a fluid by virtue of measuring the area of a variable orifice through whic 


the fluid flows under a constant pressure head. For these conditions the rate of flow is vey 


nearly proportional to the area and calibration is a rather simple operation. The instrumetl 


proper consists of a spherical float in a vertical tapered tube. As the fluid flows in through 


the bottom of this tube, it causes the float to rise to a position depending upon the rate d 
flow. The constant pressure head is given by the weight of the float, and the area of the 


variable orifice is the annular space between the spherical float and the tapered tube, which 


is very nearly proportional to the distance along the tube. Thus, a uniform scale on the 


tube then becomes a direct measure of the rate of flow and the calibration curve for such 


(EINER Co. 


NEW YORK 13, N.Y. 


a scale is very nearly a straight line. 
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AVAILABLE NOW! 
Send for Your Personal Copy Today 


This 1951 edition of the Merck Labora- 
tory Chemicals Price List is filled with 
up-to-date, practical information on 
the purity and packaging of over 600 
Merck Reagent and Laboratory Chem- 
icals. Specifications given for all Reagent 
Chemicals have been amended to conform 


to the latest revisions of ACS purity 
standards. Also included are useful sug- 
gestions on storage of sensitive fine 
chemicals. 

Your local laboratory chemicals dis- 
tributor has a copy for you. Why not 
send for it today? Or write us directly, 
using the coupon below. 


MERCK LABORATORY CHEMICALS 


MERCK & CO., INC. 


Manufacturing Chemists 
RAHWAY. NEW JERSEY 
In Canada: MERCK & CO. Limited—Montreal 


MERCK & CoO., Inc. 
Rahway, New Jersey, Dept. ED-10 


Please send new 1951 Merck Laboratory Chemicals 
Price List: 
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reasons why 


you should specify BsA reagents! 


4. / WIDE SELECTION... 
B&A has over 1,000 laboratory 
chemicals for you to choose 
from. 


HIGHEST PURITY... 


always meet or exceed ACS, 
specifications. 


BARIUM CHLORIDE 


Cryseni, 20.50 Mesh 


F/ AVAIABL.. 


Cnemicar from B&A’s own well-stocked 
distributing stations situated in 
key centers everywhere. 


B&A SAVES YOU Lime, money, effort in your laboratory chemical buying 
When you specify B&A, you can choose from more than 1,000 purity 
products of Reagent, A.C.S., C.P., U.S.P., N.F., and Technical grades. 


THE BAKER & ADAMSON LABEL is your assurance of the highest purily 
Reagent chemicals that bear the B&A “Shield of Quality” always meet o 
exceed A.C.S. specifications . . . the exacting purity standards set by the 
chemical profession itself! 


YOU GET prompt and efficient service. Extensive stocks of “B&A Quality’ 
products are supplied through B&A’s own chain of distributing station 
located from coast to coast. 


Contact the B&A office nearest you and tell them your needs. Your Bia 
salesman will work with you in having our local stocks built to meet yout 
requirements. 


BAKER & ADAMSON Kay 


GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 
RECTOR STREET, NEW YORK 6, N. Yu 
Offices: Albany © Atlanta Baltimore* Birmingham* Boston Bridgeport* Buffal’ 
Charlotte* ¢ icago* Cleveland* Denver* Detroit® Greenville (Miss.) Housto 


Kalamazoo ¢ Los Angeles* Minneapolis * New York* Philadeplt 
ittsburgh* Providence* ¢ St. Louis* San Francisco* © Seattle Yakima (Was: 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancou d 
SETTING THE PACE tN CHEMICAL PURITY SINCE 188 
* Complete stocks are carried he 
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The study of the structures of organic com- 
pounds has always been difficult to present to 
the student without the use of expensive models. 
The latest development for student study is a 
low-cost, compact set of models with which three- 
dimensional representations of molecules can be 
easily produced. 


The set was developed according to the sug- 
gestions of Professor George F. Wright and other 
members of the department of chemistry of the 
University of Toronto. Colored wood balls repre- 
sent atoms; 4%” diameter coil springs represent 
multiple and cyclic valence bonds. Four holes, 
drilled at angles of 119° 28’ in the black carbon 
balls, allow formation of the tetrahedron postu- 
lated by van’t Hoff and LeBel; this arrangement 
permits showing diastereoisomerism and enan- 
tiomerism of substances such as lactic and tar- 
taric acid. 


Three lengths of springs include: 35 C-ali- 
phatic bonds, 114”; 35 C-hydrogen bonds, 1” 


No. 71307 


(both aliphatic and hydrogen bonds correspond to 
bond radii of C-C and C-H as outlined by Pauling 
in Nature of the Chemical Bond), and 15 C-aro- 
matic bonds, 144” (for the formation of symmetri- 
cal benzenoid forms). 

The colored balls, 34” in diameter, include: 30 
Carbon (black); 30 Hydrogen (white); 12 Oxy- 
gen (red); 18 Halogens (green); 5 Nitrogen 
(orange); 5 Sulfur (yellow). The diameter of the 
holes permits use of cut household matches for 
rigid bonds in permanent models. 


No. 71307 Molecular Model set is sold com- 
plete with instructions for $5.00. 


CENTRAL SCIENTIFIC COMPANY 


Scientific Instruments 


1700 Irving Park Road - 


Refinery Supply Company 


Tulsa, Oklahoma 


Laboratory Supplies 
Chicago 13, Illinois 


CHICAGO-NEWARK-BOSTON: WASHINGTON 

DETROIT - SAN FRANCISCO + SANTA CLARA 

LOS ANGELES - TORONTO + MONTREAL 
VANCOUVER 
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OHAUS' PATENTED, SELF- 
ALIGNING BEARINGS OF 
HIGH GRADE POLISHED 
AGATE INSURE MINIMUM 
FRICTION AND FULL CON- 
TACT WITH KNIFE EDGES 
AT ALL TIMES. 


$19.15 each 


Model 710: Balance with 
6” dia., removable brass 
pan. Ideal for dispensing 
and counting work. 


@ Whatever your needs, Ohaus 
has a triple beam balance em- 
inently suited for the job. You 
can choose a scale from Ohaus’ 
wide selection that is not only 
specially adapted to the material 
you want to measure, but can 
take more of it in one loading 
than can any other triple beam 
balance on the market. This wide 


selection and great capacity — 
coupled with its many other 
exclusive features — truly make 


Ohaus “The Scale That Has 
Everything”. 


Model 720: Balance with 
11” x 514” x 3” deep 
brass scoop. Particularly 
useful for weighing pow- 
ders, grain, food prod- 
ucts, small parts, etc. 


Model 760: Balance with 
tare beam and poise. 
Saves deducting weight 
of container when deter- 
mining net weight values. 
Tare capacity 250 grams. 


Model 730: Animal Bal- 
ance with 9” x 5” deep 
removable perforated alu- 
minum subject box. For 
weighing live animals in 
biological experiments. 


LONG LIFE—stainless stee! plate and 
clear, accurately-etched stainless beams 
take heat, corrosive chemicals or acci- 
dental blows without damage—over-all 
sturdy construction and hard, baked 
finish give durability, continuing utility. 


FAST, ACCURATE OPERATION 
—sliding-type poise insures stability. 
prevents swinging, thus maintaining 
sensitivity—steel tongue fits into acct 
rately milled notches at every calibre 
tion, always gives correct positioning. 


OHAUS SCALE CORPORATION, 1050 COMMERCE AVE., UNION, I 


O10 GRAMS) | 
Model 750-S with ots, add 2000 gram 
to 610 gram beor 
METRIC_ CALIBRATION eapacity. Ressltin 
No. 701 Attachment Weight 500 gram 2610 roms! 
No. 702 Attachment Weight 1000 gram 
CALIBRATIONS: 
Front Beam 10 x 1/10 
fae Center Beam 500 x 100 gram ae 
Back Beam 100 x 10 gram 
SENSITIVITY: 1/10 gram q 
CAPACITY: 2610 grams, 
Also Available in Avoirdupois 
Decimal & Fractional Ounce Calibrations’ 
ee WRITE FOR COMPLETE 
Pees AND NAME OF DEALER 


...F0R POKER AR's 


CONSULT YOUR PREFERRED DEALER , 
/ 


We are now producing more than ninety Analytical Reagents y 
with new and higher purity standards. 


L 


We have always tried to anticipate the increasingly exacting demands of 
the profession. We welcome the new ACS standards for reagents, knowing 
that they are an advance for the entire chemical profession, and in line with 
our own desire to give the analytical chemist better tools to work with. . 

The reliable purity of Mallinckrodt AR’s—often above ACS standards— 
has long been one of many reasons chemists prefer them. 

The complete line of Mallinckrodt AR’s is stocked by distributors listed 
here. Of course, a short time may be required for these stocks to include 
all the new, higher purity AR’s. 
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PORTLAND 


SHAW SURGICAL CO. 


| SPOKANE @ 


THE C. M. FASSETT CO. 
West 9 Trent Ave., Spokane 8, Wash. 


902 South West Yamhill St., Portland 7, Ore. 


UNIVERSITY APPARATUS CO. 
2229 McGee Ave., Berkeley 3, Cal. 


BERKELEY 
B SANTA CLARA 


CENTRAL SCIENTIFIC COMPANY | 
OF CALIFORNIA 


1040 Martin Ave., Santa Clara, Cal. 


CENTRAL SCIENTIFIC COMPANY 

OF CALIFORNIA 

3555 Whittier Blvd., Los Angeles 23, Cal. 
HARSHAW SCIENTIFIC 


3237 So. Garfield Ave., Los Angeles 22, Cal. | 


LOS ANGELES CHEMICAL CO. 
1960 Santa Fe Ave., Los Angeles 21, Cal. 


THE WHOLESALE SUPPLY CO. 


THE MINE & SMELTER SUPPLY CO. 
121 W. 2nd St., So., Salt Lake City 11, Utah 


WASATCH CHEMICAL CO, 


2225 So. Fifth East, Salt Lake City 6, Utah 


1047 N. Wilcox Ave., Los Angeles 38, Cal. 


MINNEAPOLIS 


GEORGE T. WALKER & CO. 
324 Fifth Ave. So., Minneapolis 15, Minn. f 


1819-1831 
BrisHER 
109 Locus 


CENTRAL 

1700 Irving 
tHICAGO 
1735 N. As 
w. M. WI 
1515 Sedg) 


HARSHAV 
1945 East 


LAABS, IN 
1937 W. 


SALT LAKE CITY 


MILLER CHEMICAL COMPANY 
15th & California Sts., Omaha 2, Neb. 


1422 17th St., Denver 17, Colo. 


THE MINE & SMELTER SUPPLY CO. 


. J. GRINER CO. 


1827 McGee St., Kansas City 8, Mo. 


SOUTHWEST SCIENTIFIC CORP. 


122 South St. Francis St., Wichita 2, Kans 


CHEMICAL PRODUCTS, INC. 
501 West First St., Tulsa 3, Okla. 


NEW MEXICO 
CHEMICAL SURGICAL CO. INC. 
205 No. Third St., Albuquerque, N. M. 


ALBUQUERQUE 


KANSAS CITY Louis 
oor 


CHICAGO 


THE ORR, 
Spring & Fr; 


TWARSHAW 
24 Main S 


CHEMICAL & LABORATORY SUPPLY 
lowa Park Highway, Wichita Falls, Texas 


WICHITA FALLS 


FORT WORTH 


THE MINE & SMELTER SUPPLY “7 


1515 Eleventh St., El Paso, Texas 


INDUSTRIAL SCIENTIFIC INC. 
1014 Taylor St., Fort Worth 1, Texas 


TERRELL SUPPLY CO. 


Medical Arts Bldg., Fort Worth 2, Texas : 


GREENE BROTHERS INC. 
1812 Griffin St., Dallas 2, Texas 


HOFFMANN-PINTHER 
& BOSWORTH, S. A. 


HOUSTON | 


“NEW ORL 


HARSHAW SCIENTIFIC 


6622 Supply Row, Houston, Texas 
INDUSTRIAL SCIENTIFIC INC. 


MEXICO CITY, D. F 


Articulo 123 #123, Mexico, D. F. | 


317 Nagle St., Houston, Texas 
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. $ ALOE CO. 

1919-1831 Olive St., St. Louis 3, Mo 
NSHER SCIENTIFIC CO. 

109 Locust St., St. Louis 3, Mo. 


CENTRAL SCIENTIFIC COMPANY 

1700 Irving Park Rd., Chicago 13, Ill. 
fHICAGO APPARATUS CO. 

N735 N. Ashland Ave., Chicago 22, III. 

w. M. WELCH MANUFACTURING CO. 
1515 Sedgwick St., Chicago, Ill. 


HARSHAW SCIENTIFIC 
9240 Hubbell Ave., Detroit 27, Mich. 
FRANK W. KERR CO. 

951 Porter St., Detroit 26, Mich. 


EBERBACH & SON CO. 
200 East Liberty St., Ann Arbor, Mich. 


HEYL PHYSICIANS SUPPLY CO. 
22 West 9th St., Erie, Pa. 


MACALASTER BICKNELL CO. 
| New Court St., Syracuse, N. Y. 


HARSHAW SCIENTIFIC 
1945 Cast 97th St., Cleveland 6, Ohio 


TAABS, “INC. 
1937 W. Vliet St., Milwaukee 5, Wis. 


ANN ARBOR 


CLEVELAND 
CHICAGO 


CITY F LOUIS 


THE ORR, BROWN & PRICE CO. 
‘Spring & Front Sts., Ohio 


WARSHAW SCIENTIFIC 


PREISER CO. “INC. 


UPPLY 
s, Texas 

SCIENTIFIC LABORATORY SUPPLY CO. 
,  Pivision of Surgical Selling Co. : 
. 139 Forrost Ave., N. E., Atlanta, Ga. 


416 W. Washington St., Charleston 2, W. Va. 


SOLIDATED DRUG CO. 
South Peters St., New Orleans 12, La. 


BIOLOGICAL SUPPLY CO. 
1176 Mt. Hope Ave., Rochester 7, N. Y. 


CAMBRIDGE 
BOSTON 
PROVIDENCE 


MACALASTER BICKNELL CO. 
243 Broadway, Cambridge 39, Mass. 


CENTRAL SCIENTIFIC COMPANY 
79 Amherst St., 42, 
Boston, Mass. 


EASTERN SCIENTIFIC COMPANY 
51 Bassett St., Providence 3, R. |. 


MACALASTER BICKNELL CO. 
OF CONN. INC. 
181 Henry St., New Haven 11, Conn. 


117 East 24th St., New York 10, N. Y. 
FISHER SCIENTIFIC CO. 

EIMER & AMEND DIV. 

635 Greenwich St., New York City 14, N. Y. 


YORK E. MACHLETT AND SON 
220 East 23rd St., New York 10, N. Y. 


PITTSBURGH 


PHILADEPHIA 


ORLANDO 


PALO LABORATORY SUPPLIES INC. 
81 Reade St.,. New York 7, N. Y. 


AMEND DRUG & CHEMICAL CO. INC. 


SCIENTIFIC GLASS APPARATUS CO. 
100 Lakewood Terrace, Bloomfield, N. J. 


BURRELL CORPORATION 

2223 Fifth Ave., Pittsburgh 19, Pa. 
FISHER SCIENTIFIC CO. 

717 Forbes, Pittsburgh 19, Pa. 


HARSHAW SCIENTIFIC 

Swanson & Jackson Sts., Phildelphia 48, Pa. 
HARTMAN-LEDDON COMPANY 

5821 Market St., Philadelphia 39, Pa. 
WILLIAMS, BROWN & EARLE INC. 
918 Chestnut St., Philadelphia 7, Pa. 


HENRY B. GILPIN CO. 
302 W. Lombard St., Baltimore 1, Md. 


FISHER SCIENTIFIC CO. 
7722 Woodbury Drive, Silver Spring, Md. 


HENRY B. GILPIN CO. 
411 So. Capitol St., Washington 3, D. C. 


‘PHIPPS & BIRD INC. 


6th & Byrd Sts., Richmond, Va. 


CARDINAL PRODUCTS, INC. 
East Markham Ave., Durham, N. C. 


Michigan Avenue & RR, Orlando, Fla. 


BISCAYNE CHEMICAL 
LABORATORIES INC. 
200 N. E. 11th St., Miami 32, Fla. 


SUOLNGIMLSIG LNADV 


> 
BLOOMFIELD 
CINCINNATI 
q 
ATLANTIC SCIENTIFIC CORP. 
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WE ovore the following pertinent comment from The Chemical Age (August 11, 
1951): 


Sir Cyril Hinshelwood’s presidential address to the chemical section of the British Association. . . 
contained, as we have come to expect from this outstanding man, far more than is confined within 
the technical limits of the subject of chemistry. Chemistry in its wider form links us with the 
processes of life itself, and poses problems as difficult as any to solve. The problems have been 
with us ever since the Chinese invented gunpowder, but they more urgently need solving today 
because not to solve them threatens annihilation. Sir Cyril embarked on the controversial ques- 
tion of responsibility for this state of affairs. Rightly he points out that scientists cannot be 
blamed if their search for truth is prostituted by the layman and used by him for purposes of 
destruction. Every advance in any kind of knowledge brings an equivalent power for good or for 
evil with it, and which it is to be is governed solely by the people who use it, not the people who 
discover it. This probably brings cold comfort to the ordinary mortal, who neither discovers nor 
uses it, but sits in a kind of scientific no-man’s-land waiting for the first hydrogen bomb to be 
dropped and the first whiff of the latest nerve-paralysing gas to be pumped down to him. He, like 
the defiant pedestrian who was just as dead as if he had been in the wrong, is not likely to care 
very much who is responsible if the time ever does come. Nevertheless, it is not the search for 
truth that brings these evils into the world, but the search for power. 

This situation offers a special problem to scientists. Having brought knowledge into the world 
they not unnaturally seek to influence the people who are going to use it. The difficulty with this, 
however, is that the mind that is primarily interested in knowledge and the search for truth is, by 
virtue of its own training, often different to the mind that has to deal with inexact, biologically 
variable and frequently inconsistent human beings. There is no scientific approach to compro- 
mise, and scientists sometimes forget that persuading a number of human beings to go the same 
way is not at all the same thing as manipulating reactions in a laboratory. When it comes to 
human problems they are unfortunately no better qualified than anyone else untrained in the sub- 
ject, and when it comes to dealing with the power politicians that are the scourges of this age, their 
limitations often become even more apparent. 
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Tus paper gives a short account of the life and ac- 
complishments of a French chemist, pharmacist, and 
inventor, who ranks among the most deserving and 
also the most disregarded. All of his discoveries have 
been taken over by others. He died in straitened cir- 
cumstances even though he made the industrial fortune 
of an entire region. He is indubitably the inventor of 
volumetric analysis. In all his efforts he was actuated 
by a single ideal: ‘to advance science and to make him- 
self useful to his fellow-countrymen.” 

Frangois Antoine Henri Descroizilles was born at 
Dieppe on Friday, June 11, 1751, and hence the bicen- 
tenary of his birth seems a fitting time for one of his 
compatriots to remind the chemical world of the debt it 
owes to this talented early chemist. 

Many of the circumstances of his life resulted from 
the fact that he was born in one of the largest ports in 
the French kingdom, situated near another big city, 
which adjoined a fertile countryside where a famous 
cider was produced. It must not be forgotten that he 
came from a line of not less than five generations of 
apothecaries, spicers, and chandlers, because in those 
times the business was passed down from father to son; 
each of these generations of his ancestors over the span 
of a hundred years contributed to making Frangois 
Antoine Henri what he was. 

Normandy has given the world many eminent chem- 
ists. Everyone knows the achievements of Vauquelin, 
Nicolas Lémery, Rouelle the younger (the teacher of 
Lavoisier), Edouard Adam, Dulong, Grignard, Delépine, 
to cite only the most notable. 

Known from Roman times, the port of Dieppe has 
passed into history. It was there that the earliest 
hydrographic maps were made; it was the port of 
departure of the boldest navigators: Cousin, who per- 
haps discovered America four years before Columbus; 
Parmentier, who voyaged to Brazil, Canada, and 
Sumatra; Chauvin, who sailed to Canada; Guillaume 
de Caen to Newfoundland; Jean Ribault to Florida; 
Diel d’Esnambouc to St. Christopher. It was a 
Dieppois, namely, Captain de Clieu, who brought the 
first two coffee trees to Martinique. These trees were 
carefully guarded until the terrible eruption of Mt. 
Pelée in 1902. Dieppe grew wealthy from the trade in 
furs, gold, spices, ivory, and drugs. The Revocation of 
the Edict of Nantes (1685) dealt a hard blow to this 
commerce because much of the city’s population was 
Protestant. The terrific bombardment by the English 


* FRANCOIS DESCROIZILLES, THE INVENTOR OF 
VOLUMETRIC ANALYSIS 


CLEMENT DUVAL 
The Sorbonne, Paris, France 
(Translated by Ralph E. Oesper) 


in 1694 reduced the city almost to ashes. At present, 
the city is slowly emerging from the shell of reinforced 
concrete in which it was clothed during World War II; 
it stili vibrates with the heroism of the brave Cana- 
dians, who trod its soil for several hours before the 
“true liberation.” 


THE DESCROIZILLES FAMILY 


Philippe, first of the name (to our knowledge), took 
the apothecary’s oath at Dieppe on September 22, 1639; 
his signature appears on minutes of the meetings of the 
corporation, and he showed great zeal in defending its 
interests. The local history notes his devotion to his 
fellow citizens during the great famine of 1661 and the 
epidemic of the plague in 1668. His son Philippe ap- 
pears to have succeeded him after this same date and to 
have kept the pharmacy until April 16, 1692, after 
having been named Garde ancien in 1686. As a Catho- 
lic, he opposed the entrance of Protestants into the 
pharmaceutical profession, particularly after the Revo- 
cation. 

The reign of Philippe Descroizilles III was marked by 
the restoration of the ruins of the house destroyed in the 
bombardment of 1694, and by the campaign (1710-15) 
against the vinegar makers, who tried to prevent the 
apothecaries from selling products derived from vinegar. 
His son, Philippe IV, in 1743 relinquished the phar- 
macy to his brother Francois, the father of our Frangois 
Antoine Henri. 

Frangois Descroizilles, the father, was born at Dieppe 
on September 20, 1707, and studied at Paris under 
Geoffroy and Bernard de Jussieu. He showed a defi- 
nite taste for botany. On April 29, 1749, 7. ¢., at the 
age of 42, he married Mlle. Reyne Niel, by whom he had 
16 children; 11 girls and 5 boys. In 1744 he was elected 
associé adjoint of the Académie des Sciences, Arts et 
Belles Lettres of Rouen, to which he made a report ona 
loggerhead turtle which was stranded at Dieppe in 1782. 
Again, in 1774, he reported “an attempt to correct and 
sweeten tart wines.” All his life he fought against the 
drug peddlers. He invented a polychrest salt (a mix- 
ture of magnesium sulfate, sodium chloride, and sodium 
sulfate) which was designed to function as a laxative, 
dissolvent, and sedative. This preparation had some 
success as late as 1820. An advertisement for this 
remedy and a brochure setting forth its benefits, 
especially among constipated women, have been pre 
served. In style it does not differ much from certam 
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modern medical prospectuses. ‘‘My only aim in writing 
this work is the welfare of humanity; my desire is to 
relieve those whose condition and indulgence have ex- 
posed them to the need of help in their prolonged and 
‘iat infirmities.” He died on March 13, 1783, and 
Reyne Niel, his widow, wrote on the last page of the 
livre de raison (genealogy book): ‘I have had the mis- 
fortune to lose my worthy and respectable husband.” 

Nine of the children of Frangois and Reyne died at an 
early age, doubtless while out at nurse in the environs 
of Dieppe. Two of the daughters married apothecaries, 
a third became a curate’s wife. Among the five sons, it 
is necessary to make special mention of Jean Hyacinthe 
Alexandre (born March 24, 1761) a capable botanist, 
who successfully cultivated camomile (Anthemis nobilis) 
on the coast of Janval (near Dieppe); he popularized 
the growing of potatoes in this corner of France, and 
started an isinglass factory at Dieppe. The Académie 
of Rouen has preserved his paper: “Stalk of the 
Angelica sativa proposed as a replacement for tea.” 

Another brother, Jacques Frederic (born April 13, 
1765), was associated with the great chemist at the 
Lescure-les-Rouen plant. He then emigrated to the 
Ile de France and finally to Reunion, where he became a 
planter. His pamphlet on the agriculture of these 
colonies is preserved in the municipal library of Rouen. 

What documents have been preserved concerning 
Descroizilles and his family? In his ‘‘Legons de Chimie 
élémentaire appliquée aux Arts industriels” (5th ed., 
Paris, 1877), M. J. Girardin, professor in the Faculté de 
Pharmacie of Lille, noted the need of a review of the 
scientific accomplishments of this gifted inventor, and 
charged Paul Descroizilles to assemble all his father’s 
writings; he died before he could finish the task, and 
his sister Caroline turned over the documents she 
possessed to De Lérue, a member of the Rouen Acadé- 
mie, who at once published a ‘“‘Notice sur Descroizilles, 
chimiste, né 4 Dieppe, et sur les membres de sa famille.” 
In his “Btude sur la corporation des Apothicaires de 
Rouen aux XVII et XVIII e siécles’” (Rouen, 1902), 
A. Poussier devoted pages 16 to 19 to Descroizilles, of 
whom he also speaks at greater length in his “De 
lorigine du blanchiment du coton & Rouen” (Rouen, 
1924), a pamphlet of 10 pages containing the portrait 
which accompanies the present paper. The principal 
work on Descroizilles is the doctoral thesis in phar- 
macy at Lille, submitted June 27, 1921, by the pharma- 
cist Louis Constant Victor Simon (Rouen, 1921). 
Most of the better material contained in this paper was 
gleaned from these sources and from documents col- 
lected while the writer’ was professor at the Ecole des 
Sciences at Rouen from 1935 to 1943. 


EARLY YEARS 


On January 30, 1847, Sellier, the mayor of Dieppe, 
ordered a marble tablet to be placed on the front of the 
house at No. 17 Place Royale, birthplace of the Des- 
croizilles, father and son. This plaque still exists, and 


‘ Ozsper, R. E., J. Cuem. Epvc., 28, 36 (1951). 


it confirms the birthdate. The register of the parish of 
St. Jacques of Dieppe for 1751 records that the child 
was baptized the following day.? 

The boy received his schooling in the humanities at 
the College of Dieppe conducted by the learned Ora- 
torians, who had been established in this city since 1614. 
He was particularly attracted to Latin and botany. 
He botanized with his father on the cliffs and the shore; 
he was interested in the laboratory equipment and prep- 
arations. After some sort of a course in pharmacy, his 
father sent him to Paris, where he studied in the labora- 
tory of Rouelle the Younger and in that of Thenard. 


Tablet on the Birthplace of Descroizilles, 17 Place Royale, Dieppe 


In 1777, when he was 26, Descroizilles returned to 
Rouen with the certificate demonstrateur royal de chymie 
and he obtained from the King (Louis XVI) a license of 
apprenticeship, issued at Versailles on January 14, 1778, 
permitting him to establish himself in a large city if he 
passed the apothecary examination. During this inter- 
val he was chosen as expert by the Parliament in the 
trials brought against adulterators of cider. On this 
occasion, he had to bring in well-grounded proofs with 
the result that he incurred the enmity of the official 
Rouen expert, the apothecary Frangois Mésaize, whom 
he dared to contradict, contrary to established custom. 
Since the latter was the official representative of the 
king, Descroizilles was judged guilty of an affront to 
the sovereign himself. 


2 “Le samedi, douziéme jour de juin a été baptisé par moy 
prestre, second vicaire soussigné, Francois, Antoine, Henri, né de 
hier du légitime mariage de Monsieur Frangois Descroisilles, premier 
juge consul des marchands de cette ville et marchand apotiquaire, 
et de damoiselle Marie, Reine Niel son épouse de cette paroisse; 
le parain Monsieur Pierre Antoine Frangois Niel, marchand de 
cette ville, la maraine, damoiselle Marie Catherine Descroisilles 


épouse du sieur Niel aussi marcharid, tous deux de la paroisse 
de St Rémy, le pére absent. 


Signé Descroizilles, femme Niel 

Niel 

J. J. Gaillard, sous-vicaire.”’ 

(Copied from the archives of the Palais de Justice of Dieppe; the 
underlined words appear thus in the original.) 
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THE AFFAIR OF THE CIDERS 


On April 27, 1775 the Parliament passed a decree 
stating: “under penalty of 500 franes fine and corporal 
punishment it is forbidden to add lead to ciders offered 
for public consumption.” Descroizilles found that he 
could detect lead in suspected ciders by means of liver 
of sulfur. He published this finding in the Archives de 
Normandie and later it appeared in a report from the 
hand of Descroizilles, read at Paris by Lavoisier to the 
Académie des Sciences (June 18, 1787), in the name of a 
Commission composed of Cadet, Baumé, Darcet, 
Berthollet, Descroizilles, countersigned by Condorcet. 
Descroizilles was “condemned to a fine of 3 francs 
against the King and forbidden to repeat the offense 
under threat of greater punishment,” but he appealed. 
Some experiments made in Paris (Hétel des Ternes, at 
the home of Baumé) finally showed that Descroizilles 
was correct, and he was not only cleared of the charge 
but thanked for his zeal in behalf of the public welfare.* 
All Normandy was interested in this matter concern- 
ing the addition of lead to cider, where it acted as a 
clarifying agent. The situation was so acute that at 
cider-making time the priests were ordered to announce 
the penalties (including death) to which the adultera- 
tors were subject. From the chemical point of view 
Descroizilles made a study of the black lead sulfide and 
showed that the addition of chalk did not interfere with 
this test. 

He was interested in cider all his life; it led him to 
construct a still and a tube for determining alcohol. 
Toward the end of his career he studied the desiccation 
of apples. In a letter sent (1825) to his brother Jean 
Hyacinthe Alexandre, the botanist, he stated: 


I have been very busy at Paris and Clichy (then a small 
village north of Paris) where I go to dine and lodge almost every 
day. There, I spend my free time with some experiments on 
wine making. I am going to get an apple mill from Rouen. I 
am also setting up here a plant for drying apples in which it will 
be possible to dry large quantities very quickly, with great econ- 
omy of space, fuel and labor. Their desiccation will be perfect. 


3’ The Court of the Parliament of Rouen, on July 12, 1785, 
handed down the following ruling: 

“Louis, par la Grice de Dieu, Roi de France et de Navarre: 
A tous ceux qui ces présentes Lettres verront; Salut, savoir 
faisons, que ce jourd’hui, la cause offrante en notre Cour de Parle- 
ment de Rouen entre le Sieur Frangois-Antoine-Henri Descroi- 
zilles, notre démonstrateur de Chymie 4 Rouen .... Notre 
dite cour a accordé et accorde mandement audit Descroizilles aux 
fins de sa requeste; ordonne qu’il sera sursis 4 l’execution de la 
sentence de la Police de Rouen du premier de ce mois.... Notre 
Premier Avocat Général, pour notre Procureur Général, lequel 
a dit: Qu’il s’en fallait beaucoup que la conduite du sieur Des- 
croizilles, notre démonstrateur en Chymie, et la maniére dont il 
s'est exprimé dans la Feuille qui lui attire la comdamnation 
fiétrissante dont il se plaint, lui aient paru repréhensibles, que 
lune et l’autre, au contraire, lui ont semblé dignes de louanges; 
que’elles sont le fruit de son amour pour le bien public et des 
utiles travaux dont nous lui avons confié |’exercice, et que notre 
premier avocat général croit devoir lue attirer la reconnaissance 
des gens de |’Art et la confiance de notre province; qu’il a donné 
son opinion en homme sage et instruit et qu’il en résulte pour ]’util- 
ité de la matiére qu’il a savamment traitée, des lumiéres pré- 
cieuses qui doivent servir a |’éclairer par la suite sur la conduite 
a tenir dans des circonstances qui peuvent se représenter ....”’ 
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They may be stored well in a small space for several years, and cay 
be shipped if desired to the East Indies. They produce at any 
time, and easily, a very palatable and healthy beverage, and cap 
become of advantage to the health of sailors, and give rise tog 
large business... . 4 


THE FLASHING LIGHTHOUSES 


Noél de la Moriniére, classmate of Descroizilles, ip 
his “Essai sur le Département de la Seine Inférieure,” 
states that at this period the only harbor light at Dieppe 
was a single tallow candle, which had to be trimmed, 
which went out frequently, which was lighted only from 


The Flashing Lighthouse at Dieppe (le phase a éclipse) 


Michaelmas (September 29) to Easter, and which was 
easily confused with the lights from the houses sur- 
rounding the harbor. 

In 1783 Descroizilles and the mayor of Dieppe, 
Lemoyne, his relative, were returning from Versailles, 
where they had gone to try to secure some improve 
ments on the harbor. The wind moved the branches of 
the trees lining an avenue and thus at times eclipsed 
the light from the street oil lamps. According to his 
cousin Féret this gave Descroizilles the idea of a flashing 
lighthouse. The number of revolutions in a given 
period would indicate to the ship where it was. 

A clockmaker of Dieppe, named Mulot or Mulotin, 
constructed the mechanism. The first wooden light- 
house was operating at the end of the main jetty in May, 
1787. 


This light is in the form of a clock and the wheelwork causes 
a mass of light composed of 24 reflectors to alternately appeal 
and disappear. It lasts 3 seconds and disappears for 1, and soon 
alternately. In this way, the seamen, informed of this mech 
nism, with watch in hand, can have no doubt that this is actually 
the point where they wish to touch land... . 


Descroizilles never received any return from this 
invention, which is now in use all over the globe; more 


‘The writer’s father and grandfather did not have a cider 
press. In Normandy he has always seen them make their cider 
by the “méthode a l’alambic,” which dates from Descroizilles, 
in contrast to the “méthode au pressoir” reserved for the well- 
to-do. 
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over his right to it was contested, the honor and profits 
going to others. 

This lighthouse burned down and was replaced by a 
stone structure, which has also disappeared. It is 
described in “Notice sur Dieppe, Arques et quelques 
monuments circonvoisins” by Féret (Dieppe, 1824) and 
in “A sketch of the History of Dieppe dedicated to his 
1832 R. A. the Duke of Orleans by an English Gentle- 
man,” who wrote: “The origin of this ingenious inven- 
tion is due to Mr. Descroizilles and the mechanical part 
executed by Mr. Mulotin, both of them natives of that 
place...” 


THE COFFEE-MAKER 


Previously, 
“..cette liqueur si chére 
Qui manquait 4 Virgile et qu’adorait Voltaire...” 

had been prepared “‘a la sultane,’’ 7. e., by pouring boil- 
ing water on ground coffee placed at the bottom of a 
cloth bag. All the aroma went into the room; which 
was why this same Voltaire was led to declare that ‘“‘he 
was drinking coffee a gorge depleyée.’”’ One day, at 
Lescure-les-Rouen, Descroizilles entertained Chaptal 
and Fourcroy, who were delighted at the quality of the 
coflee served. Their host then showed them an appara- 
tus he had invented. This cafeolette, consisting of a 
cylinder with holes in its base, was charged with ground 
coffee, which was then covered with a perforated disc, 
and boiling water was poured in. The infusion was 
collected in the lower cylinder which fitted on the 
upper piece. This was the first known dripolator. An 
identical apparatus will be discussed later under the 
name couloire (colander). Descroizilles had some of 
his drip coffeepots constructed by a tinsmith on the rue 
Damiette in Rouen as presents for his guests. This 
artisan seized on the idea which had not been patented; 
he set up a business in Paris and rapidly amassed a for- 
tune there with the help of the Abbé du Belloy, who 
advertised the superiority of the apparatus at the court. 
Consequently the unpretentious coffee-maker devised 
by Descroizilles, which is now used everywhere, became 
known under the high-sounding title alambic @ la Du 
Belloy. On the other hand, Chaptal spread the fame 
of the apparatus in the Flemish countries and in Artois, 
where it is still called the chaptal. 


DESCROIZILLES, THE APOTHECARY 


Poussier states that up to 1508, the apothecaries and 
spice sellers of Rouen were subject to the statutes and 
ordinances of all the corporations of apothecaries of the 
kingdom that had been drawn up by Philip the Fair, 
John the Good, and Charles VIII. Louis XII granted 
them separate statutes assigning to both certain rights 
and obligations. Their elected representatives were 
known as gardes de la communauté. Among the duties 
of the syndic and the gardes was the examination of the 
sons of the masters; they oversaw the execution of the 
laws and ordinances governing the privileges of the 
profession; they had to inspect the pharmacies of the 
apothecaries and the shops of the spicers and chandlers 
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several times a year; and they were expected to adjust 
equitably the various taxes levied by the corporation on 
its members, certainly an unenviable duty. 

When Descroizilles returned to Rouen early in 1787 he 
offered a public course in chemistry, and also published 
various papers in the Archives de Normandie. As his 
earnings were small, he decided to obtain his master’s 
certificate and then to conduct a pharmacy on the Rue 
de laGrosse Horlogein Rouen, as successor to Le Danoys. 
The latter had conducted a famous pharmacy there in a 
seventeenth-century house, which still stands, and 
had sold the best theriac there. This preparation con- 
tained no fewer than 72 ingredients, including opium, 
and was employed as a remedy for stomach pains. 

The examinations were held only twice a year, on 
Quasimodo (first Sunday after Easter) and on All Saints 
Day (November 1). Descroizilles therefore addressed 
a lettre expositive (March 11, 1778) to the syndic and 
gardes “stating his intention to submit after the Sunday 
of Quasimodo to the ordinary examination for aspirants 
to the mastership in pharmacy in this city.” This 
request was accompanied by a certificate of good morals, 
of Catholicity, and the license of apprenticeship, which 
he had obtained from the king because he was a démon- 
strateur. After many deliberations, and consultation 
with a lawyer, the gardes (J. F. Le Carbonnier, Le 


The Picturesque Street of the Grosse Horloge in Rouen in 1785 (from 
a Steel Engraving) 
The large hand of the clock has disappeared. To the right is one of the 
towers of the cathedral, which was spared in the great fire of June 11, 1940. 
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Carpentier, Jalama, Le Danoys the younger, and Le 
Chandelier) sent the petition by postilion to ““Monsieur 
le médecin du Roy,” president of the jury. He set 
May 11, 1778, for the first examination. Descroizilles 
presented himself on that day to these five gentlemen, 
who constituted the jury. The physician to the king 
opened the proceedings by delivering to the candidate a 
discourse in Latin, to which—it appears—the latter 
replied very elegantly in the same language. The 
gardes then put several questions to him, in Latin, on 
the fundamental principles of chemical pharmacy. 
They then adjourned until the next day, after drawing 
up the following minute, which is still preserved at 
Rouen: 


Ce jourd’hui, onziéme jour de mai mil sept cents soixante et 
dix huit, en l’assemblée convoquée pour le Ier examen de M. 
Descroizilles, le dit Sieur aiant bien satisfait, a été renvoyé au 
mercredy 13 du courant pour |’examen des drogues. Fait et 
délibéré, le dit jour et an que dessus. J. F. Le Carbonnier, Le 
Chandelier, Le Danoys le jeune. 


On May 13 an additional approbatory report signed 
by these same examiners states that the recipient had 
properly “recognized the drugs submitted to him.” 

On the 14th, accompanied by Le Chandelier, the 
latest master to be certificated, and provided with a 
pick and a pouch, Descroizilles made a collecting trip of 
two hours’ duration in the terrain around the mineral 
springs of St. Paul. Another series of plants, collected 
in his absence from the botanical garden of the city, was 
mixed with the specimens he brought back. He was 
required to give the principal medicinal properties of 
these items. In the silence of the cabinet, the gardes 
then deliberated alone on the choice of the preparations 
to be give for the chef d’oeuvre, i. e., so to speak, for the 
thesis.- The record of this main test reads: 


This day, May 15, 1778, the assembly convoked for the ex- 
amination of plants by M. Descroizilles, and having been well 
satisfied in this matter, it has been decided to give to the said 
gentleman the materials of his chef d’oeuvre, namely, to wit: 
the syrup of simple chicory, the syrup of chicory compounded, 
the powder of Diarrhodon, the electuary of Diascordium, the 
electuary of Diascartami, the emplaster of Vigo cum mercuro, 
worm oil, and as operation of chemistry: the butter and cinnabar 
of antimony, the spirit, the oil and salt of amber, the whole ac- 
cording to the Codex of the Edition of 1758. 


Descroizilles immediately had a thin book printed 
containing his chef d’oeuvre and began the manipulations 
on the 22nd. The jury stopped him at eight o’clock in 
the evening while he was hard at work. The minutes 
of the following day read: 


This day, May 23, 1778, M. Descroizilles has resumed the 
work of his chef d’oeuvre. All the operations and compositions 
being finished, it has been decided to recall the said gentleman 
finally for the interpretation of the Latin writers on the 25th of 
the present month. Done and ordered the said day and year 
above. J. F. Le Carbonnier, Le Danoys le jeune, Le Chandelier. 


Finally, during the ninth and last session, he inter- 
preted a Latin author, the Codex of Paris, and the 
ordinances of medicine. He then gave a final report of 
his chef d’oeuvre. The decision was: 
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Le dit Sieur a été regu Maitre Apothicaire d’une voix unanime 


During all these operations, Descroizilles had bea 
supervised by the members of the jury in turn and was 
aided by Le Danoys the younger. The latter—wh 
now would be called the assistant—received the title 
Maitre tenant la queue de la poéle (master holding th 
handle of the pan). 

As soon as he was certified Descroizilles was kindly 
invited to pay to the common fund of the community 
the sum of 700 livres, plus 6 livres for the poor of the 
general hospital (about 600,000 francs in 1951). Dy. 
ing his oral examinations, and at the expense of the 
candidate, there were distributed 150 metal tokens of 
attendance, worth 2 livres apiece. (Some of theg 
jetons have been preserved at Rouen.) Obviously the 
examiners were thus amply rewarded in those times 
Also they had to be thanked individually, and the 
candidate was invited (without cost to him) to partake 
of the “sumptuous banquet,” which concluded the 
examination service. The certificate of ‘Master of 
Pharmacy” was issued on May 17, 1778.° 

At present a person qualified as a pharmacist remains 
so all his life, but at that time the apothecary was able 
to relinquish his title by returning his letter of master. 
ship to the office of the corporation. Descroizilles re 
tained his certificate only ten years. Confined behinda 
counter in a narrow but picturesque street, his investi- 
gative temperament could not adapt itself to that ofa 
peddler of clysters. He loved to travel, even though 
the rules then in force forbade the apothecary to leave 
his city without permission. 

In 1783 the celebrated Madame Roland wrote to her 
husband from Amiens: “But speaking of M. Descroi- 
zilles, who arrives today and departs tomorrow, regret- 
ting very much not to have seen you. He talked about 
peats, of analyses needed. ..he courts the world a little 


5 The diploma reads: L’an de Grace mil sept cent soixante 
dix huit, le vingt septitme jour de mai, devant nous Jean Claude 
Trugard, seigneur et patron de Maromme, conseiller du Roy, 
lieutenant général de police au baillage, Ville et Vicomté de 
Rouen, se sont présentés devant nous honorables h/les sieurs Jean 
Baptiste Le Chandelier, Charles Nicolas Le Borgne, Frangos 
le Danoys, Henri Charles Fortin, Claude Ballitre et Nicolas 
Vasselin, maitres et gardes année présente de la Communauté, 
des Apothicaires Epiciers, Ciriers, Droguistes et Confiseurs de 
cette ville, faubourgs et banlieue; lesquels nous ont présenté ls 
personne de Frangois Antoine Henry De Croizilles, fils de Frat 
gois, juré, apprenty dudit état sous Charles Denis Balliére le6 
juillet 1775, ils nous ont déclaré étre capable et suffisant d’éte 
regu Maitre dudit état d’apothicaire et dependances, par chel 
d’oeuvres ayant été dispensé du temps prescrit de son brevet d 
apprentissage suivant les lettres & lui accordées par le Roy le M4 
janvier dernier. A ces causes, du consentement du procurell 
du Roy, de ce sige, nous avons ledit Frangois Antoine Henry De 
Croizilles regu Maitre dudit état d’Apothicaire et dépendance 
par chef d’oeuvres vu les lettres de dispenses a lui accordées pou 
par lui en jouir et l’exercerce jour et a ]’avenir ainsi que les a 
tres maitres de celui art et de quoi nous avons dudit De Croizilles 
pris et regu le serment au cas requis, fait et délivré comme dessus. 


Trugard C. Baillitre 
Le Danoys le jeunee ? 

Vasselin Henry Fortin C.N.LeBorgne ? 

Le Chandelier ? 
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I believe, for business reasons and speaks of mordants 
for dyeing....”° Descroizilles had become acquainted 
with Mme. Roland at Rouen in a literary salon on the 
Rue aux Ours. Her husband was operating a peat bog 
in Switzeriand at the time. 

Descroizilles was quite busy now with scientific 
journalism; as shown by the letters, often anonymous, 
which he addressed to Milcent, chief editor of the 
Journal de Normandie. Several of these “letters to the 
editor” are still in existence. He was quite enthused 
over the infant science of ballooning and corresponded 
with the noted pioneer balloonist Pilatre de Roziers. 
Four days after the latter met his tragic death at 
Boulogne (June 15, 1785) Descroizilles wrote: “I have 
every reason to believe that this horrible event is the 
result of the explosion of the inflammable air (hydrogen) 
occasioned by the flame of the Montgolfier (hot air 
balloon) below. . .it is thus that the love of the Sciences 
has its heroes and its victims.” 

Toward the end of 1787 he made over his apothecary 
to Arvers, who later became a competent chemist and 
who had received his master’s certificate on October 31, 
1786. Descroizilles went into another business and 
moved his residence to the Rampart Beauvoisine in 
Rouen. In a letter to the Maftres en Pharmacie 
(January 15, 1788) he made his apologies for no longer 
attending their meetings, because he had sold his phar- 
macy and was away frequently. 
the honor of being your colleague; permit me to de- 
mand the prerogatives.’”” However, Mézaise, who had 
become syndic, had never forgiven him for having been 
flouted in the cider affair; by maneuvers unworthy of a 
member of the profession he succeeded in forcing Des- 
croizilles to give up his master’s certificate. Descroi- 
ailles wrote: 


Rouen, February 18, 1788 
Masters in Pharmacy of Rouen, 
Gentlemen: 


In the matter concerning ciders, after much care to avoid in- 
juring the self-esteem of anyone, when I desired only to clear up 
4 question which interested the whole province, the persecutions 
of Mr. Mézaise forced me to reveal publicly his errcrs, to say 
nothing more, and I was completely cleared by the higher court. 
Itis the resentment engendered by this affair, which has brought 
0 me a new attack today. I no longer have the same interest 
to defend myself against it, and the step which to me seems the 
quickest way to end it, is to request you, Gentlemen, to consent 
to the return of my certificate of mastership, thus announcing to 
you that it is no longer necessary to include me among the masters 
in pharmacy of this city, renouncing absolutely and forever this 
title. You understand that I ought no longer to bear the burdens 
ofit. Ithas brought me no glory up to the present except that it 
gave me the honor of calling myself your colleague. However, 
it has cost me to have something in common with Mr. Méazaise, 
and it may be worth while that I will always seek to point out 
everywhere he may be some of the esteem which I hold besides 
for the companies of which he is a member, though actually it 
makes little difference what opinion of me is held by Mr. Mézaise 
and all those whom he has known how to place in his interests . . . . 


A certain Masset, usher, has left in the Archives des 


‘Taken from CLaupe Perrovp, “Amateur d’autographes,” 
1914, p. 168. 


“T will always retain . 
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Apothecaires de Rouen an account, full of queer errors in 
spelling, of how he delivered to the Maftres the letter of 
resignation and the certificate of mastership of our 
Frangois Descroizilles, who now was to show the true 
measure of his ability. : 


BLEACHING BY CHLORINE 


Scheele, the Swedish chemical genius, announced in 
1783 the discovery of chlorine, which he had made two 
years previously in his modest apothecary’s laboratory. 
Up to that time thread and vegetable fabrics had been 
whitened by exposure to sunshine. Berthollet’ quickly 
recognized the part which chlorine might play in the 
bleaching of cloth. Moreover, James Watt, who was 
then one of his pupils, hastened to return to England 
and introduce the discovery there. A little later he 
wrote to Berthollet: ‘I have successfully bleached 500 
pieces at Macgregor’s, a Glasgow manufacturer, and 
from now on the method may be regarded as the best, 
the quickest and the most economical.” 

De Grandcourt, another pupil of Berthollet, provided 
with letters of recommendation, took the stage coach 
for Rouen in 1788 in order to persuade the manufac- 
turers of that region to adopt the new procedure. 

From 1780 Flavien Marie Scanegati, member of the 
Académie of Rouen, physicist and author of all sorts of 
practical discoveries, had occupied a plot of ground in 
Rouen just across from the Porte Guillaume-Lion, and 


Porte Guillaume-Lion, Rouen 
All this quarter of Rouen was destroyed by the Germans in 1940. 


had erected there at 12 Quai de Paris a demonstration 
laboratory, a classroom, and a salesroom for apparatus, 
on the site later occupied by the “Brasserie de la 
Marine.” 

It was in this room, belonging to Scanegati, that de 
Grandcourt planned to carry out a convincing demon- 
stration of the process in order to interest the financiers. 
Among those present were de Fontenay, manufacturer 
and mayor of Rouen, and Descroizilles, ex-apothecary 


7 Lemay, P., anp R. E. Orsper, J. Cem. Epuc., 23, 158, 
230 (1946). 
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Francois Antoine Henri Descroizilles and His Signature. Portrait from 
a Miniature (in the Rouen Museum) by Judelet 


but permanent professor of chemistry. The demonstra- 
tion turned out miserably; some of the thread was 
bleached only on the surface, while other samples were 
burned and rendered useless. Sieur de Grandcourt 
hurriedly disappeared from Rouen. 

Nonetheless the disappointing exhibition left Des- 
croizilles interested. He persuaded de Fontenay to 
combine forces with him, and the latter provided funds 
for attempts to perfect the Berthollet process. The 
experiments were carried out in 1789 at Lescure-les- 
Rouen, but they resulted in nothing but disappoint- 
ments and the loss of considerable money. The crux 
of the process obviously lay in the necessity of finding 
some way of determining, and so controlling, the con- 
centration of the chlorine water. At last, in 1791, 
Descroizilles devised the apparatus which he named the 
berthollimétre;: the earliest buret. His procedure was 
based on the ability of chlorine gas, either dissolved as 
such or combined as hypochlorite, to discharge the color 
of indigo. At the close of his career he wrote: ‘‘Among 
the small number of procedures which I have dis- 
covered, few have pleased me as much as this one” 
(“‘Alcalimétre,” 4th ed.,p. 86). 

The buret was known successively as berthollimétre, 
chlorométre, and polymétre. It consisted of a glass tube, 
20 to 25 em. long and 14 to 16 mm. in diameter. The 
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closed lower end fitted into a stand, while the open 
upper end was provided with a flared rim. The 
engraved scale had 24 large divisions, numbered from | 
to 24, each divided into 4 subdivisions. There was 
also a similar division or space between the bottom of 
the vessel and the lower end of the scale marked 9 
This space was intended for the berthollet (chlorine 
water) to be assayed; it, like the other 24, had a volume 
of 2 ml. 

The berthollimetric solution was prepared by dis 
solving 8 g. of indigo in 66 parts of concentrated sulfuric 
acid; a little hot water was added, the mixture was 
kept warm for an hour, and after cooling was made up 
to 800 ml. with distilled water. The solution had tobe 
stored away from the light in hermetically sealed crystal 
glass vessels. Descroizilles found that ordinary glass 
produces alkalies which decrease the strength of the 
standard solution. 

Some French writers have mistakenly attributed this 
discovery to Gay-Lussac, who (born 1778) was only 13 
years old at the time. Furthermore, the latter, in 
1824, wrote in the Annales de Physique et Chimie: 
‘*..in the arts, where it is imperative that the deter- 
minations be completed promptly, preference has been 
given to the procedure of M. Descroizilles, which is 


based on the property of chlorine to decolorize in- 
digo....” 

The number of divisions of the indigo liquor that 
could be decolorized when added to the fixed volume of 
the berthollet gave the degree Descroizilles or chloro 
metric degree. To be effective and yet not to damage 
the cloth, the berthollienne solution ought to give four 
degrees in the berthollimétre. Some other terms which 
were in daily use in the Lescure establishment were: 
berthollienne bleaching, berthollienne bleachery, to berthol- 
let a cloth, the berthollierie. 

In the fourth edition of his ‘‘Notices sur!’ Alcalimétre,” 
Descroizilles was able to write with justifiable enthw- 
siasm: 

It is evident that this capital discovery in the art of bleaching 
is in great measure responsible for the prodigious increase, since 
then, of the manufacture of cotton fabrics, which has more than 
decupled in Europe within these last thirty years. 

Formerly, when a fine cotton cloth, intended to be sold as white 
goods came off the loom on October 15 or in the succeeding five 
or six months, it was necessary to wait until the end of spring 
before it could be delivered white to the trade; and besides dur 
ing this interval, the hurricanes, the prolonged rains, the hail 
the floods, the mud of the rivers, the cattle, the poultry, the dog, 
ete., often reduced to a very low figure the price of the fabric 
which had been made with so much care, and for which it wa 
necessary to wait so long. Now, in contrast, even in the most 
severe weather, a cloth of this kind receives the most perfect 
white without ever having been exposed to the injuries from 
atmosphere, and without being dragged over the muddy field, 
covered with rough stubble from the cut fodder. 


As was Berthollet’s intention, many fields were col- 
sequently released. for agricultural purposes. It was 
estimated in 1818 that the wages paid to the workers 


using the Descroizilles method amounted to 1,000,001 
francs. The first bleachery of de Fontenay was givel 
up; a second was established at Lescure by the Prevé 
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brothers and Descroizilles himself, then a third with the 
Chaleil brothers and Delamare, a fourth at Maromme, a 
fifth at Petit Quevilly. 

Rouen and its environs thus became the cradle of 
cotton bleaching. In this connection, Descroizilles 
received his only decoration: the jury at the Rouen 
Exposition in 1806 awarded him a gold medal ‘for 
having founded one of the most perfect works for 
berthollienne bleaching which exists in France.’”?’ How- 
ever, the life of the inventor is not all peace and quiet; 
in 1807 some badly bleached cloth, fraudulently brought 
in from England, was put on the market to discredit 
the discovery (which came during the reign of Napoleon 
I). As may be learned from the Annuaire de la Seine 
Inférieure of 1807, Descroizilles fought vigorously to 
restore confidence in his process. 


DURING THE REVOLUTION 


Previous to 1789 Descroizilles was very closely linked 
with M. and Mme. Roland, the future Brissotins. As 
was mentioned above, he had known the latter at Rouen 
at the home of the Malortie sisters, whose name appears 
frequently in the history of the region at this period. 
After the Insurrection of August 10, 1792, Roland was 
again made Minister of the Interior, and he chose 
Descroizilles to supervise the stocking of the markets in 
the Dieppe district. However, a major difficulty arose 
on September 29, 1792, when he tried to impose the tax 
of 4franes per bushel of grain going to market. Natu- 
rally, a black market sprang up and he had to abandon 
all administrative functions and enter the political con- 
flict. He took part in the riots which preceded the 
execution of Louis XVI (January 21, 1793), and sent to 
the Convention a note which was posted in the 84 
departments. In the Journal de Rouen of May 25, 
1793, he wrote: “The Assembly, like the Republic, 
should be one and indivisible.” After the establish- 
ment of the Committee of Public Safety, Descroizilles 
was arrested in September, 1793, and confined at Rouen. 
He immediately appealed to his friends Arvers and 
Chaptal, and to his sister Marie Frangoise, who had 
just married (September 23) Quesnel. The latter had 
been made constitutional curé of Dieppe because “he 
had deserved well of la Patrie by erasing the episcopal 
aristocracy.”” Since the Republic needed chemists, 
Descroizilles was set free, and on December 30, 1793, 
was charged by the Convention to go to Dieppe to study 
the problem of the production of artificial niter. Mean- 
while his friend Roland had killed himself (November 
10, 1793) on learning that Madame Roland had been 
guillotined two days previously. On January 13, 1794, 
Descroizilles’ duties were extended; he was appointed 
Inspector of Powders and Saltpeters for the whole 
department. It is likely that the experiments at Rouen 
and Dieppe on the production of saltpeter (starting with 
fish) were unfruitful; they were probably reported in a 
pamphlet: “Essai sur l’art du salpétrier,’’ which has 
been lost. All that is known is that he set up a niter 
bed with some manure in the Church of St. Rémy of 
Dieppe, not far from the Kglise St. Jacques where he 
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had been baptized. The Descroizilles works was 
closed on July 8, 1795, and the church turned over to 
the cult of Reason. 

A rather pale Girondin, an indifferent Montagnard, 
he referred to Louis XVIII in one of his papers in 1819 
as ‘‘the beloved monarch who has given the Charter to 
France.”’ According to a local sheet (Chronique na- 
tionale de 1792) Descroizilles was ‘‘an orator without 
fire.” This same periodical reproached him for having 
“acted like a manipulator chemist and to have sub- 
stituted a refrigerant for a fuel.” 


IN PARIS 


Descroizilles moved to Paris in 1806, and this same 
year he published his chief work, ‘‘Notices sur l’aleali- 
métre.’”’ It contained the earliest exact experiments on 
the assay of commercial sodas, procedures which are 
still used today, except for the form of the buret. The 
fourth edition, published after Descroizilles’ death, was 
dedicated to Alexandre de Fontenay, his benefactor. 
The book includes a set of lectures on chemistry as 
applied to commercial sodas and potashes, and also many 
remarks and prophetic visions which show that Des- 
croizilles to the end of his life retained full possession of 
his faculties and fertile imagination. 

The alkalimeter at first was given the same form as 
the berthollimeter; later the constriction was omitted 


The First Alkalimeter of Descroizilles 
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so that a hydrometer could be introduced; the opening 
was coated with white wax to retain the drop. The 
capacity of the apparatus was 70 to80 ml. The gradua- 
tion from the top downward read from 0 to 72, in later 
models from 0 to 100. The distance between two con- 
secutive lines corresponded to 5 cg. of concentrated 
sulfuric acid plus the quantity of water necessary to 
make a demimilliliter, that is, 9° on the Baumé hydrom- 
eter or 1 g. per 10 ml., or 100 g. per liter (a little more 
than twice normal). He assumed that the acid at his 
disposal was perfectly pure. He placed drops of ‘‘syrup 
of violet” on a saucer, or he used small squares of paper 
impregnated with red and blue litmus. During the 
titration he brought drops of the liquid to these external 
indicators with a glass stirring rod. He called attention 
to the errors occasioned by the sulfide in carbonates, 
coming from the Leblanc soda process. Though it 
would be absurd to claim that he knew anything about 
the theory of indicators, it should be pointed out that 
he observed that in the analysis of vinegar the quantity 
of soda consumed was not the same when litmus rather 
than sirup of violets was employed as indicator. He 
cautioned his fellow chemists against Paris litmus 
which he found to be nothing but the juice of black 
nightshade. The invention of the alkalimeter made it 
possible to set up some rules controlling the manufac- 
ture of caustic alkalies from lime. Descroizilles cor- 
rected some mistakes in this regard which were con- 
tained in the popular ‘‘Traités de chimie” of Fourcroy 
and Thenard. It can be justly stated that Descroizilles 
was the forerunner of standardization of merchandise 
when he wrote: 


It is easy to see the advantage presented to customers by a 
seller who can say to them: “I offer you graduated potash or 
soda graduated to such or such alkalimetric hundredths and at 
such and such price. You now have at hand an instrument witi 
which you can, without chemical knowledge and without calcu- 
lations, assay or have assayed under your eyes, one hundred 
samples in one day, and thus verify the qualities which I state 
to you at my current price, on my invoices and on my barrels. 
The latter are closed with cords, whose two ends are held to- 
gether with a lead seal carrying my mark; you can have every 
confidence in them.” There is no reason to doubt that the mer- 
chant, who is the first to offer such guarantees, will obtain great 
preference and that he will finally compel the others to follow the 
same course. 


His interest in caustics led him to study the manu- 
facture of soap. He always paid close attention to the 
Leblanc soda process; he simplified the Darcet assay, 
as given in the “Art du Savonnier.” ‘When I am 
improving a soap factory, I prefer non-sulfuretted sodas, 
and I have sodium sulfide delivered as it is needed. 
This preparation will have constant qualities, because it 
can always be conveniently analyzed by a given method” 
(“Alcalimétre,” 4th ed., p. 150). 

At all times, Descroizilles could be seen approaching 
ideas of political economy, which are now taken as a 
matter of course. Suddenly he uttered a prophetic 
vision: “It is never necessary to despair that time will 
not bring efficient methods of production. Doubtless, 
we also will have them for indigo. ...” 
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thered color of the litmus is discharged, it can be judged 
whether the vinegar has been adulterated or not with 
silfuric acid.” 

The soda solution was standardized against sulfuric 
acid by means of the alkalimeter. In order to have 
cqustic soda at hand, Descroizilles devised the couloire 
(colander), similar to his coffee-maker, in which he 
placed the mixture of lime and sodium carbonate. 

Toward the close of his life, Descroizilles combined 
the following in a single buret, which he called polymétre 

imi (1) the berthollimétre; (2) the alcalimétre; 
(3) the millilitremétre ascendant or graduation tube; 
(4) the millilitremétre descendant or acétimétre. Although 
this apparatus did not enjoy much success after 1830 it 
nevertheless sums up a whole life of labor devoted to 
chemical analysis. It is always easy to improve a 
device after the basic principle has been discovered by 
someone else. 


THE PORTABLE STILL 


Though kept extremely busy with chlorine bleaches, 
alkalies, vinegars, and ciders, Descroizilles never lost 
interest in sugar, as is evident from his statements: 
“Pupil of Hilaire Martin Rouelle, I assisted him more 
than fifty years ago to extract sugar from the beet...” 
(i. ¢., prior to Marggraf’s discovery) and “during the 
winter of 1816-17, I had the idea of fermenting some 
sugar molasses to learn their production of alcohol. 
Those from Paris gave less than those in the provinces 
| because they are purified with animal black.. ..” 

Later it will be shown how Descroizilles came to in- 
vent apparatus for the analysis of wines and brandies, 
to construct an alcoholometer and alcoholometric 
tables; the degree Descroizilles was subsequently 
superseded by the degree Gay-Lussac. 

A patent and a reward were granted in 1810 to a cer- 
tain Mr. L., who claimed that he had determined the 
alcohol content of a wine by placing the hydrometer in 
the filtrate after the sample had been treated with chalk. 
Descroizilles refuted this determination scientifically, 
and showed that the chalk did not precipitate all of the 
salts contained in the wine, and that it was better to 
obtain “all the eau de vie in 2 or 3 deciliters of wine in 
the course of a half hour by distillation.” Moreover, 
he had in mind the professor who could show his stu- 
dents products distilled during the lecture, the physician 
who might wish to administer certain distilled liquors, 
which occasionally were not available in the pharmacies, 
the vintner when he wished to rack off his wine, the 
inspector who needed to examine suspected wines. 

Including its accessories, Descroizilles’ small portable 
still, made of tin, weighed only 3.350 kg. By means of 
this apparatus and the Cartier hydrometer, then in use, 

roizilles constructed some tables giving the per- 
‘entage of spirits of 21*/, degrees (which at that time 
paid only a simple tax). He discussed the sources of 
error but does not seem to have taken account of the 
mportance of temperature. Nevertheless, he came to 
very impressive conclusion: wines which lend 
themselves well to longer periods of preservation are 


Small Tin Portable Still for Determining the Alcoholic Content of 
Wines, Etc. 


also those which, in equal amounts, carry the most to 
the brain of the imbiber.” 


OTHER PRACTICAL RESEARCHES 


The Précis for 1771-80 of the Académie de Rouen con- 
tains his “‘A chemical analysis of the waters of the foun. 
tains and wells of Rouen.” As was mentioned, Mme 
Roland alluded to his interest in mordants. She doubt- 
less was referring to stannous chloride or “‘muriate of 
tin.” When the salt tax was removed, Descroizilles 
brought the price of this tin salt down from 50 to 4 
franes per kilogram. He made efforts to produce it in 
very large crystals for dyeing printed cottons and for a 
long time he alone supplied the department with this 
important item. In connection with these studies, he 
showed that English tin contained up to 1/7: of arsenic, 
and not carbon, as the “deposit which is found as a 
black powder on the bottom of the containers” had been 
believed to be. These deposits gave off a characteristic 
garlic odor, and poisoned dogs, cats, etc. 

The impure hydrochloric acid derived from the 
bleaching liquors did not yield him well-crystallized tin 
chloride (he was still unaware of the existence of hypo- 
chlorous acid). In the analytical summary of the 
Travaux de l’ Académie de Rouen for 1807 he also de- 
scribed a method for obtaining copper sulfate and zinc 
sulfate in batches as large as 300 kg. His product sold 
at a better price than the material which was coming 
from Salzburg and which contained copper and iron.*® 

In the course of his study of bleaching liquors he 
passed chlorine into a water suspension of chalk, but he 
apparently made no claims to the discovery of chloride 
of lime; later he referred to it as Tennant’s powder. 
Always interested in factors affecting yields, he found 
that the output of chlorine was increased when 1:1 


8 “Notice sur quelques sels métalliques employés dans les arts,”’ 
1787 
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Items Belonging to Descroizilles Shown at the Rouen Exposition of 1902 


sulfuric acid was substituted for the concentrated acid 
hitherto used by Berthollet. With respect to the 
checking of starting materials, a question of vital 
importance in his opinion, he stated that the berthol- 
limeter was the only practical means of judging the 
various kinds of manganese dioxide offered for sale.° 

In his role as owner of a factory Descroizilles was of 
course interested in fire-fighting. He notes” that a 
small quantity of water, instead of extinguishing a fire 
as a sufficient quantity does, causes it to spread more 
rapidly. He sought the explanation for a long time 
but in vain. He made some trials along these lines to 
refute statements issued by Van Marum, the discoverer 
of ozone, and also in the presence of an official he carried 
out a contradictory experiment on some sheds coated 
with pitch, to confound ‘‘a man said to be from Paris 
and a tailor, who supposedly has a secret liquid for the 
extinction,” a liquid which allowed one of the wooden 
huts specially built for the occasion to be consumed 
completely. 

Descroizilles proposed the establishment in the 
capitals of Europe of a “school of pyronomy’”’ where men 
could be taught to preserve themselves against the 
ravages of fire. He required portable pumps in his fac- 
tories, pails filled with ordinary water in the summer, 
brine in the winter, etc. ‘We thus have had,” said 
Descroizilles (in the Archives de la Société d’Emulation 
de Rouen) “‘the sweet pleasure of saving our neighbors.” 
In another paper! he dealt with distillation, es- 
pecially with the way to prepare incorruptible distilled 
waters, refluxed over inodorous plants. In this con- 
nection, he pointed out the modifications to be made in 
the still if the plant was to be distilled over an open 
flame. Two years later he published a paper in La 
France littéraire on ‘“‘The art of engraving glass with 


® Journal des Arts et Manufactures, 1, 156 (1794). This short- 
lived periodical (September, 1794 to September, 1795) issued 
only 12 numbers. 

1 Ann. chim. phys., [1] 51, 27 (1804). 

11 [bid., [1] 57, 175 (1806). 
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fluoric gas.” Girardin (Vigie, Dieppe, 1847) reporte 
also that Descroizilles spent some time on the retting 
of flax, and on the form which shoes should haye jy 
order to wear better. He advocated heating bakey 
ovens with coal, remarking that the bread thus pr. 
pared did not have a bad taste (‘‘Alcalimétre,”’ p, 109) 

In 1819 Descroizilles published a new work: “Method 
of preserving corn, rye, etc., from all alteration.” 
Though this method did not have much success at th 
time, it gave rise eventually to the construction ¢ 
modern silos (he called them conservatoires) for storing 
grain to protect them from rodents and weevils: “Th 
cities will not be exposed to the lack of bread, fortified 
places can have reserves of grain proportional to the 
garrison and the den.ity of the population.” He aly 
recommended that fodder be compressed hydraulically 
to one-fifth its volume. 

As was seen, Descroizilles had to fight against fals 
practices in industrial matters, and in 1819, after peac 
was declared, English cloths again appeared on the 
French market. In anew brochure (76 pages.) “Estan- 
pillage enrigistré”’ (Registered stamping) published a 
Rouen, he proposed a plan which was not adopted, at 
least not at that time. The French products were to 
receive a round stamp with a series of numbers ind: 
cating the département, arrondissement, and the district; 
the foreign products brought into the kingdom woul 
be given an hexagonal stamp when the duty was paid, 
and an oval stamp would serve for objects manufac- 
tured prior to the promulgation of the law. A prod 
gious staff would have been needed to put this idea into 
practice at that time. . Certain ideas contained in 
this brochure have proved to be useful in the present 
way of living, as for example in the license plates d 
automobiles. 


CONCLUSION 


Descroizilles’ son Paul (1793-1863) inherited some d 
his father’s talents. He invented a lixiviation appar 
tus and a device for flaming cotton textiles as they came 
from the loom. A silver medal was awarded for thi 
discovery. He also devised a heating stove which wa 
still sold in Rouen under the name Descroizilles in the 
period between the two world wars. 

The elder Descroizilles allowed himself to be strippel 
of all his property. In his last moments he wrote 
“T will never be accused of being actuated by person 
interest, nor by base motives of any kind.” Afters 
life worthy of that of his ancestors on the Place Royale 
of Dieppe, he sank to a condition quite close to poverty. 
However, he had the satisfaction of knowing that he 
had contributed to the advance of science, that he had 
invented a fundamental system of chemical analysis 
that he had made the fortune of an entire region, 
that he had saved the lives of many seamen. 

The register of the parish of St. Roch in Paris cot 
tains the bare notice of his death: “April 15, 1825- 
Frangois Antoine Henri Descroizilles, age 74 yea® 
Employed at the Ministry of the Interior, residing at! 
rue Neuve des Bons Enfants.’”’ The body was interred 
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in Pare Lachaise cemetery, and 30 years later the re- 
mains were scattered to the four winds. 

Rouen named a small street after him; Dieppe put up 
atablet; chemistry still owes him a worthy place of 
honor. 

Perhaps it was such as he that Lecomte du Nouy had 
in mind, when he wrote in his “Human Destiny”: 


Too many courses in technical writing still reveal their 
being born of traditional composition courses, while too 
few possess any close relationship to actual writing situ- 
ations found in industry. Contact with professional 
technical report writing problems has indicated two 
main difficulties: first, the failure on the part of the 
writers to design their reports to fit a specific situation, 
purpose, and audience, and second, a lack of knowledge 
of the process involved in writing. This is not a criti- 
cism of the technically trained men, but rather of the 
education given them. To ask a person to design a 
gear assembly for a particular mechanism without 
providing both the context of the problem and a 
training in the required skills would be considered fool- 
hardy; yet that is precisely what is being done in a 
great many report-writing courses. 

Experience teaches that too many writers fail to 
analyze the report-writing problem which faces them. 
Instead of first considering how the conditions of the 
assignment, the purpose of the report, and the users of 
the report should influence their work, they want to 
start writing long before they know what the report is to 
be, what it is to do, what it is to say, or who is to use it. 
Furthermore, competent technical men often fail to 
vonsider how the time given them to write a specific 
report affects what should be included and how long the 
report should be. If what they feel has to be included is 
more than they have time to do, they work overtime and 
complain of the load they have been given. Of course, 
any times the assignment is given neither clearly nor 
concisely enough; also too much may be expected in too 
short a time; however, more often than not, the writer 
has failed to recognize the influence of the time element 
ithe assignment which produces extra work. 

Likewise they often fail to realize how they, as writers, 
should be affected by the aid which is available to them 
and by the amount, kind, and sources of accessible in- 
formation. One man was faced with the task of period- 
leally compiling a master report from those submitted to 
him. Although he was an excellent engineer and suc- 
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“The destiny of man is not limited to his existence on 
earth and he must never forget that fact. He exists 
less by the actions performed during his life than by the 
wake he leaves behind him like a shooting star. He 
may be unaware of it himself. He may think that his 
death is the end of his reality in this world. It may be 
the beginning of a greater and more significant reality.” 


DESIGN THAT REPORT! 


JAMES W. SOUTHER 
University of Washington, Seattle, Washington 


ceeded in filing a good report, he was doing a great deal 
more work than was required because he completely re- 
wrote all the material submitted tohim. The aid which 
he got was not being fully utilized, for his work would 
have been much easier had he sat down with his assist- 
ants and provided them with the over-all pattern of the 
master report, making sure that each understood his 
part in the formation of the whole. He could then 
merely have compiled the report, adding whatever was 
necessary, rather than have rewritten it. 

In addition to the elements of time, information, and 
aid, two other important conditions must always be 
taken into consideration: the specific requirements im- 
posed upon the writer and adherence to company policy. 
If the request for the report is accompanied by “include 
the causes of production line stoppages last month,”’ the 
content of the report and the performance of the writer 
are affected by that order. Moreover, general company 
policies and style-sheet requirements are always in the 
background and must be considered. 

Obviously a report which is to be used for later refer- 
ence requires coverage, data, and detail different from 
that in a weekly progress report; yet many experienced 
chemists do not realize that these differences exist be- 
cause they have not been made conscious of the require- 
ments which the purpose of the report places upon them. 
For example, at one concern a large staff of chemists 
was employed in the experimental laboratories, and 
part of their duties was to record their experiments and 
findings so that these could be used later, whenever the 
need arose. These reports proved, too often, useless for 
such purposes, for not only could the results not be 
clearly understood but, sometimes, the experiments 
could not even be repeated. An analysis of the situa- 
tion indicated that the chemists did not realize that 
reference use of the report placed special requirements 
on them as report writers. At the time of writing, the 
experiments were fresh in mind; the writers were com- 
fortably in the context of the situation, and little 
thought was given to what would be required by the 
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reader in order to understand the account when he came 
to it “cold,” sometimes years later. 

An example from another concern also reveals this 
same failure. One of the men presented a long report 
which was to be used for constant reference by non- 
technical personnel; yet the work was rendered almost 
useless because of the general “layout.”’ After a table 
of contents, thumbtabs for the main sections, and an 
index were added, the report became both usable and 
valuable. These devices are quite common. The 
writer knew of them but he neglected to use them be- 
cause he had not designed his report to serve its purpose. 
More and more, writers in industry are becoming 
aware of their readers’ interests. They are placing con- 
clusions, summaries, and recommendations at the be- 
ginning of the report because the administrators are 
most interested in such material. The more detailed 
material is placed toward the end of the report, for often 
only the specialist assigned the job of checking these de- 
tails will read it. The more widespread use of such 
devices as statements of purpose and background, 
abstracts, summaries, and conclusions at the beginning 
of a report is ample proof of the writer’s growing aware- 
ness of the reader. % 

In addition the writer should consider his own back- 
ground in determining what is required in the report. 
If possible he should answer the question ‘“‘Why was J 
asked to write this report?” In many cases the answer 
will provide an indication of what should be in the re- 
port or what general approach should be used. For 
instance, in one concern two men with quite different 
backgrounds work in the same department. One has 
worked his way up through years of practical experience 
in several concerns, and the other is a college graduate 
with a few years’ experience in this particular concern. 
If a writing assignment were given to the older man, he 
could be quite sure that the ‘“‘boss’”’ wanted the views of 
a practical man with a wide background of experience, 
and he should emphasize his material accordingly. If 
an over-all picture were needed, the younger man would 
be asked to write the report. In both cases the effec- 
tiveness of the writers would be increased by an analysis 
of what their backgrounds could add to the writing re- 
quested of them. 

Recent classes in repert writing offered to engineers 
and chemists actively engaged in industry revealed, in 
almost all cases, a lack of understanding of the activity 
of writing or of the process involved. This is not sur- 
prising, for the emphasis in their training was on the 
finished product, not on the activity which produced it. 
As a result, when faced with a writing problem they 
thought in terms of the finished product. They tried to 
write the report without planning it first, like a carpen- 
ter trying to build a house without blueprints. Only 
confusion and difficulty could result. 

Once they started with the analysis of the writing 
situation—the assignment conditions, the purpose of 
the report, the audience, and their own background— 
they found writing much easier. When they had these 
restrictions well in mind, they found that they could 
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focus on the topic of the report more effectively, and, of 
course, they could more easily tell what material was 
necessary because they knew what was expected. The 
gathering, evaluating, and selecting of material became 
a relatively simple task because the analysis of the situa. 
tion had provided them with the necessary standards 
from which they could work. 

When the selection was completed, however, they 
found themselves facing a completely different task, one 
of constructing rather than analyzing. The arrange. 
ment of material into logical patterns, into main and 
subordinate classifications, into meaningful relation. 
ships, became easier because these considerations de- 
pend to a large extent on the writer’s purpose and intent, 
on what he wants to do. Once they knew what they 
were trying to accomplish, they could, by keeping their 
purpose in front of them, organize the material in mean- 
ingful stages and indicate the relationships between the 
stages. They began to realize that these relationships 
were what gave their work real meaning and value, 
More important, they found that the prospect of actu- 
ally writing the report no longer seemed overwhelming, 
They had reaped the fruits of designing their reports; 
they knew where they were going and what they wanted 
to say. 

Of course, they had not reached the end of the writing 
process; they were still faced with the writing and re- 
writing, but their particular difficulties had, in the main, 
been overcome after they had gone through the planning 
process. The rest seemed, in most cases, to take care of 
itself. Surprisingly enough, many of the grammatical 
and stylistic problems eliminated themselves, for they 
seemed to be the result of confusion and indirection 
rather than of a basic lack of knowledge. 

These experiences with actual industrial writing prob- 
lems suggest that we who teach technical writing need 
to adjust our courses so that they more closely resemble 
the professional situation. They further suggest that 
we need to train our students to analyze the writing 
problems and to provide them with some understanding 
of the process involved in writing. It seems also that 
we need to shift our emphasis from the exactness of the 
finished product to the activity of writing. We need to 
help the students reach the finished product; moreover, 
we should criticize the work from the point of view 0 
how well it achieves its purpose and fits the situation 
rather than merely correcting it in a grammatical 
vacuum. 

One thing is certain: a realistic approach to tech 
nical writing is more likely to be found through actual 
contact with industrial writing problems than by simply 
continuing the traditional composition approach 
often used. This of course places a tremendous burden 
on the shoulders of the teacher because it means, first, 
that every writing assignment must be given a context— 
that is, a specific situation and problem must be created 
for each report the student is to write—and second, that 
each student must be trained in the skills of the writing 
process. This is the realistic approach, for it is the one 
that best simulates professional conditions. 
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CY EXPERIMENTS ON RADIOACTIVITY IN THE 
FIRST COURSE IN COLLEGE CHEMISTRY’ 


Mosr modern texts in introductory chemistry devote 
one or more chapters to the subjects of radioactivity 
and nuclear energy. Only a few publications describe 
suitable and related laboratory work. G. A. Scherer? 
has outlined some experiments which are relatively in- 
expensive. These include the use of a very simple 
Wilson cloud chamber for obtaining alpha tracks, an 
electroscope for the measurement of activity, and a 
method for the separation of thorium from uranium. 
R. R. Williams, et al.* have described the use of a Geiger 
counter for a series of quantitative measurements, the 
exercises being incorporated in a course in introductory 
physical chemistry. 

The experiments described below have been selected 
in part from the above after consideration of the ability 
of the average beginning student, the importance of 
the principles presented, and the cost. The use of the 
experiments over a period of three years has indicated 
that the material and techniques are readily handled by 
the students. The four important points emphasized 
by the exercise are as follows: (a) an introduction to 
some methods for the detection and measurement of 
activity, (b) a study of the penetrating powers of beta 
and gamma radiations, (c) an example of separation of 
radioactive substances (thorium from uranium), and 
(d) the determination of the half-life of a synthetic iso- 
tope. A working knowledge of these subjects certainly 
is necessary for a basic understanding of the behavior 
of radioactive substances. 

In actual laboratory practice the students are re- 
quired to compiete the experiments in two three-hour 
sessions. Although a limited number of sets of equip- 
ment are available, sufficient time is allowed for each 
student individually to carry out the work. 


THE DETECTION AND MEASUREMENT OF ACTIVITY 


Wilson Cloud Chamber. The observation of fog 
tracks of alpha particles may be accomplished by means 
of a simple cloud chamber described by Scherer.2 A 
small sample of pitchblende, a source of alpha particles, 
is glued inside an Erlenmeyer flask. The flask is par- 
tially filled with water containing a blue dye and arubber 
bulb is attached to the neck of the flask. Supersatura- 
tion is obtained by alternately squeezing and releasing 
the bulb, and cloud tracks appear at a statistical fre- 
quency. Such a simple device may be employed suc- 


‘Presented at the 118th Meeting of the American Chemical 
Society, Chicago, September 4, 1950. 

* Scuerer, G. A., J. Cuem. Epvc., 26, 111 (1949). 

* Witurams, R. R., W. H. anp R. H. Scuuer, J. 
Cuem. Epuc., 26, 210, 310, 667 (1949). 


CHARLES A. BROWN and E. G. ROCHOW 
Harvard University, Cambridge, Massachusetts 


cessfully, but requires some operating skill and pa- 
tience. 

Electroscope. An electroscope constructed from a 
chalk box has been described (ref. 2). Two aluminum 
foils, one flexible and the other rigid, are attached to a 
brass rod which is suspended through a hole in the top of 
the box and is held by an insulating plug of sulfur. A 
small brass ball caps the outer end of the rod. The box 
is fitted with a glass window to shield the foils from air 
currents. 

The electroscope is charged and the leak constant is 
determined. Various samples of uranium minerals are 
placed beneath the foils of the electroscope, and the rate 
of fall of the movable vane is compared with the leak 
constant. 

Geiger Counter. <A variety of relatively inexpensive 
Geiger counters sensitive to beta and gamma radiations 
are available commercially or may easily be con- 
structed.4* In this particular instance radioactivity 
demonstrators® (Figure 1) were purchased together with 


Figure 1. Radioactivity Demonstrator with Beta and Gamma Sources 


beta and gamma sources at a cost slightly above $100 
each. The principal desirable features of any instru- 
ment for this purpose are: simplicity and ruggedness of 
construction, provision of a loud-speaker for audible 
pulses, a neon light for visible indication of counting, 


4 Levine, H. D., anp H. Diciopanni, Atomic Energy Commis- 
sion Paper NYO-103, January, 1950. 

5 Hamitt, W. H., R. Wriiiams, anp C. Mackay, J. CHE. 
Epuc., 28, 98 (1951). 

6 Supplied by Tracerlab, Boston, Massachusetts, or Central 
Scientific Co. 
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and a rate meter (calibrated in counts per minute) for 
sustained quantitative measurements.’ There should 
be no exposed points of high potential, nor any danger of 
accidental electrical shock from any part of the equip- 
ment. In order to prevent application of too high a 
potential to the Geiger tube by inexperienced students, 
which would result in a shortening of tube life, we in- 
stalled a five-megohm potentiometer at the rear of each 
instrument used for these experiments and connected 
the potentiometer in series with the rheostat which 
controls the potential applied to the tube. The poten- 
tiometer was preset to allow a maximum of 1025 volts 
across the tube, a value well within the plateau region 
of the operating characteristic of the Geiger tube sup- 
plied with the instrument. 

The students are instructed in the operation of the 
instrument, the method for determining the background 
level, and the procedure for measuring activity. Prac- 
tice is readily obtained by providing a variety of radio- 
active minerals. 


THE PENETRATING POWERS OF BETA AND GAMMA 
RADIATIONS 


Absorption of Beta Radiation by Aluminum. A 
small sample of Pb?!’, a beta source, is mounted on a 
small metal bracket and the bracket fastened to the 
chassis of the instrument directly in front of the Geiger 
tube in place of the cover which protects the tube when 
not in use. A series of measurements of counts per 
minute is obtained as sheets of aluminum foil are inter- 
posed successively between the tube and the sample. 


ABSORPTION OF BETA RADIATION 


COUNTS PER MINUTE 


L iL i i L L iL 
4 8 12 6 20 24 28 = 36 40 
NUMBER OF SHEETS OF ALUMINUM 
Figure 2. Absorption Curve of Beta Radiation in Aluminum Foil 


Figure 2 illustrates a typical result obtained by the 
students. As an increasing number of sheets of alumi- 
num are added, the intensity of radiation at the Geiger 
tube gradually decreases until the background level is 
reached. The mass of material necessary to ab- 
sorb the beta radiation completely is indicated by the 
point a where the background level is first reached. A 
more accurate measurement would call for a plot of 


7 Undoubtedly a scaler is preferable for advanced work, but 
the intricacies of scaling circuits are harder to teach beginning 
students, and the cost of scalers is prohibitive. 
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ABSORPTION OF GAMMA RADIATION 


COUNTS PER MINUTE 


2 4 5 
NUMBER OF LEAD SHEETS 
Figure 3. Absorption Curve of Gamma Radiation in Lead 


total absorber thickness, usually expressed in mg./em!, 
versus counts per minute, corrections being made fo 
absorption due to air and the walls of the Geiger tube. 

Absorption of Gamma Radiation by Lead. The ab- 
sorption of gamma radiation depends not only upon the 
mass (absorber thickness in mg./cm.*) through which 
it passes but also upon the atomic number of the ab- 
sorbing material. The effect of absorber thickness may 
be determined in the following manner. A one-micro- 
curie sample of Co*, a gamma source, is mounted ona 
small wooden block and placed 2 in. from the Geiger 
tube. Readings of counts per minute are taken as '/- 
in. sheets of lead are placed between the sample and the 
detector. A graph of the data (Figure 3) roughly illus 
trates the large mass of material necessary to absorb 
gamma radiation. The exponential character of this 
absorption is more clearly shown if a graph of the 
logarithm of counts per minute versus the thickness d 
lead is constructed. 

The students are encouraged to observe the effect oi 
the lead shielding on beta radiation and the relatively 
poor usefulness of aluminum as an absorber for gamma 
radiation. 

Effect of Distance on Intensity of Radiation. The 
intensity of electromagnetic radiation varies inversel) 
as the square of the distance from the source, and thi: 
may readily be demonstrated to hold for gamma radit- 
tion. The gamma source is first placed 4 cm. from the 
Geiger tube and the intensity of radiation determinet. 
The sampie is then moved to a distance of 40 cm. from 
the tube and the counts per minute redetermined. 
Since the ratio of distances is 1:10, the intensity 
of radiation falls to approximately .01 of its original 
value. 


THE SEPARATION OF THORIUM FROM URANIUM 


Uranium 238 emits an alpha particle and produce 
thorium 234. The latter is a relatively short-lived bets 
emitter. Due to the differences in chemical propertié 
of the two, thorium may be separated from an 
uranium sample by precipitation with ferric hydroxide 
as carrier. 

One gram of urany] sulfate is supplied to each studett 
and the activity of the sample first checked by meals 
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of the Geiger counter. The uranyl sulfate then is dis- 
solved in 10 ml. of water and three drops of 0.1 M ferric 
chloride solution added. The solution is made basic 
by the addition of 2 ml. of ammonia water and solid 
potassium carbonate added until the bright yellow pre- 
cipitate just disappears. The small amount of ferric 
hydroxide with coprecipitated thorium hydroxide re- 
mains in suspension. The mixture is filtered through 
a small circle of filter paper with the aid of a suction 
filter, and the activity of the precipitate tested by means 
of the Geiger counter. The intense activity of the 
sample may be shown to be due primarily to beta emis- 
sion by use of the aluminum and lead sheets as ab- 
sorbers. 

Crystalline uranyl acetate is recovered from the 


7 above filtrate by the addition of solid potassium ace- 
cm, —@ tate. These crystals are collected and found to possess 
le for B little of the activity shown by the original uranium 
tube. sample. 

ab- 

in the | THE HALF-LIFE OF IODINE 128 

which The half-life is an important and distinctive property 
¢ ab of unstable nuclei. The students’ inability to compre- 
Smay @ hend and understand this phenomenon is largely over- 
nict @ come by letting them carry out measurements of the 
1 ona half-life of an isotope for themselves. Iodine 128 is 
deige convenient for this purpose because it has a half-life of 
as '/r B25 minutes and because it may readily be synthesized 
id the by the action of neutrons on iodine 127, the equation 
‘illus being 

vbsort 1 128 

f this + on! —> + 

of the The resulting iodine 128 is beta active, decaying to 
ess of stable xenon. 

A sealed nickel capsule containing 5 mg. of radium 
fect oi mixed with 50 mg. of beryllium serves as a source of 
tively § neutrons. Such sources may be obtained from the 
ammi Canadian Radium and Uranium Corporation and from 

a number of other suppliers. Warning: It has been 
Th @ reported that often a newly purchased source arrives in 
ersely § a hazardous condition due either to contamination dur- 
id ths § ing manufacture or to breakage. Each shipment 
radia § should be carefully monitored as it is unpacked in order 
ym the § to determine the condition of the source. 
nined. The radioactive iodine is prepared each day before 
. from § use in the manner described by Williams, e¢ al. (ref. 3) 
mined § The neutron source is placed in a spherical one-liter 
ensity § flask containing ethyl iodide and a small amount of free 
rigimal§ iodine. In the Szilard-Chalmers reaction that takes 
Place, the slow neutron bombardment of the iodine in 
“ ethyl iodide produces some I'**, The recoil from the 
gamma emission of ['*Srupturestheiodine-carbon bonds, 
oduces§ and the major proportion of the active iodine appearsas 


free iodine. When the concentration of active iodine is 
sufficient (after three or four times the half-life of the 
isotope, or even better overnight) the free iodine is ex- 
tracted with 5 ml. of a 10 per cent solution of sodium hy- 
droxide and is converted to silver iodide. The active 
silver iodide is collected in several portions on filter 
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paper and is given immediately to the students. Each 
sample is mounted on a wooden block by means of 
Scotch tape, and the sample is placed directly in front 
of the Geiger tube. Counts per minute are recorded at 
three-minute intervals, and a plot of counts per minute 
versus time is constructed. Figure 4 illustrates the 


1100 


DECAY OF IODINE 128 


COUNTS PER MINUTE 


6 12 18 24 30 36 
TIME IN MINUTES 


Figure 4. Typical Student Result of the Determination of the Half- 
life of Iodine 128 


results obtained by one student. The half-life is found 
by reference to the graph. In this case the time inter- 
val necessary for the activity to decrease to one-half 
any particular value is about 23 minutes, a result quite 
satisfactory considering the methods and apparatus in 
use. 


CONCLUSION 


The use of appropriate questions with this experi- 
ment provides a way of tying together some of the essen- 
tial points to be emphasized. We believe that it is quite 
desirable that the students appreciate the effects of 
distance, of shielding, and of the penetration of the 
different types of radiations since these are problems 
inherent in the use of atomic energy. The recent gov- 
ernment pamphlets on protection from atomic bomb 
attacks are largely explained and more adequately 
understood in terms of some of the simple experiments 
described above. 

Although the initial cost of preparing such a labora- 
tory exercise may be prohibitive in some cases, it should 
be pointed out that the same Geiger counters and 
sources could be used to present a variety of experiments 
suitable for a course in physical chemistry. In addi- 
tion to this, the number of instruments need not be 
large for an introductory course. Only 12 sets of equip- 
ment were necessary for the instruction of more than 
400 students, a maximum of 90 students being present 
at any particular laboratory session. 
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Baagsrrvric acid, prepared by Adolf von Baeyer in 
1864, was only one of the many compounds which re- 
sulted from the work on the uric acid group. This 
compound probably is as important as any of the uric 
acid derivatives as a result of its introduction into medi- 
cine in the form of the barbiturates, a group of the hyp- 
notic drugs. 

The work in the field of the uric acid group began 
with the well-known discovery of uric acid in 1776 by 
Scheele. Scheele noticed in his subsequent work on 
uric acid that when it dissolved in nitric acid a colorless 
solution formed which when applied to the skin gave a 
red color (1). 

The presence of the urea residue in uric acid was 
shown by Fourcroy! in 1802 when he obtained urea by 
treating uric acid with chlorine water (2). In 1818 
Gasparo Brugnatelli found on repeating the experiment 
of Scheele that uric acid mixed with nitric acid reacted 
in the presence of chlorine water to form a substance 
which he isolated. He named this substance erythric 
acid from the Greek word meaning to redden since it 
turned red when heated (3). This substance was later 
renamed alloxan by Liebig and Wohler since, according 
to them, it contained the constituent residues of allan- 
toin and oxalic acid (4). Previous to the work of Liebig 
and Wohler, Prout had obtained erythric acid by the 
oxidation of murexide (ammonium purpurate) with ni- 
trie acid. He obtained the murexide by reacting a 
mixture of uric acid and nitric acid with ammonia (4, 
6). Both of these compounds, urea and alloxan, were 
later used in the preparation and synthesis of barbi- 
turic acid. 

Liebig and Wohler published their classical work on 
uric acid in 1838 (4, 7). They found that oxidation of 
uric acid with dilute nitric acid gave another com- 
pound, known today as alloxantin, a condensation 
product of alloxan with dialuric acid. The reduction 
of alloxan to give alloxantin and the oxidation of al- 
loxantin to give alloxan were clearly shown by these two 
men. 

Adolph Schlieper, a student of Liebig’s, also worked 
on alloxan. In 1845 he published two papers on his 
work in which he had obtained hydurilic acid in at- 
tempting to prepare alloxan, and he also obtained 
dilituric acid by oxidizing alloxantin (8). These two 
last mentioned compounds were used specifically later 
on by Baeyer in preparing barbituric acid. In the 
winter of 1858-59, when Baeyer was going from Heidel- 
berg to Ghent where he was to rejoin Kekulé, he made 


1 Fourcroy assigned the name uric acid to the substance dis- 
pers by Scheele. It had previously been called bezoardic or 
ithic acid. 
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the acquaintance of Schlieper, who was then a manp. 
facturer in Elberfeld where Baeyer’s sister lived (9, 10), 
Schlieper had saved the uric acid compounds on whieh 
he had worked and he now gave these to Baeyer fq 
further investigation. Even though Baeyer remaine) 
at Ghent only a year his investigations there led to the 
discovery of pseudo-uric acid which he published ij 
collaboration with Schlieper (/1). Later, Baeyer 
famous student, Emil Fischer, worked out a synthesis 
for uric acid by the elimination of water from pseudo 
uric acid (12). Most of Baeyer’s work on the uric acid 
group was done during the period from 1860 to 187) 
while he was in Berlin. Baeyer found that the oxid- 
tion of hydurilic acid gave violuric acid, which on fw- 
ther oxidation gave dilituric acid. He worked out the 
relations among these various compounds and came to 
the conclusion that they were all related, and that they 
originated from barbituric acid. Following is a list of 
the more important uric acid derivatives of the alloxan 
group as given by Baeyer (13): 


Related Compounds ee Barbituric Acid and Uric 


N2C,0;H, Barbituric acid 
N2C,0;BrH; Bromobarbituric acid 
N.C,0;Br2He Bibromobarbituric acid 
N2C,0;(HO)H; Dialuric acid 
N.C,0;(HO).H2 Alloxan 
N.2C,0;(NO)H; Violuric acid 
N.2C.0;(NO2)H; Dilituric acid 
N2C,0;(NH:2)H; Uramil 

N2C,0;(NHe, CNHO)H; Pseudo-uric acid 
N2C,O;(NCNH)H; Uric acid 

Three of the alloxantin group 

N2C,0;(HO)2H2 + Alloxantin 


N.2C,0;(HO)H; — 
N2C,0;(HO)H; + N2C,0;H, — 


Hydurilic acid 
N:C,O;(NO)H; + N2C,0;(NO.)H; 


Violantin 


In order to substantiate the hypothesis that barb 
turic acid was the beginning compound Baeyer pit 
pared it. By the reaction of bromine on violuric acid, 
dilituric acid, or hydurilic acid he obtained alloxat- 
bromide. The equation given by him for the reaction 
with the use of hydurilic acid is as follows (13): 


N,Cs06H¢ + H.0 + 3Br.—> N.C,O;Br2Hz + + 4HBi 
Hydurilic Alloxanbromide Alloxan 
acid 

Baeyer then worked out a better procedure for the 
preparation of alloxanbromide, or dibromobarbiturt 
acid, which consisted in heating a mixture of hydurilit 
acid and nitric acid saturated with bromine until the 
crystals formed dissolved with the liberation of nitrous 
acid. On cooling, the alloxanbromide crystallized out 
(13). From dibromobarbituric acid Baeyer then prt 
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Outline of the History of Barbituric Acid 


pared barbituric acid (14). His procedure consisted in 
mixing the dibromobarbituric acid in small portions 
with sodium amalgam covered with a little water. 
Crystals of monobromobarbituric acid crystallized out 
with the liberation of heat. By long treatment with 
excess amalgam the monobromobarbituric acid was 
converted into barbituric acid sodium. This salt was 
then dissolved in water, neutralized with acetic acid 
and then treated with strong hydrochloric acid. The 
barbituric acid formed sepaated out in small prisms or 
leafy crystals. Since it was hard to prevent a simul- 
taneous reaction with the formation of bromoform, 
Baeyer found it better to use hydrogen iodide in place 
of sodium amalgam. About 50 g. of dibromobar- 
bituric acid was mixed with 100 g. of hydrogen 
iodide and was warmed on the water bath for fifteen min- 
utes. This liquid was diluted with an equal quantity 
of water and the iodine which separated was filtered off. 
On cooling after evaporation the barbituric acid crystal- 
lized out. It is curious that Baeyer did not attempt a 


synthesis of barbituric acid, as he knew that the two 


- constituent residues were urea and malonic acid 


Several stories have been given for the naming of 


malonylurea by Baeyer as barbituric acid.?, The one 
given by W. A. T. Cohen-DeMeester was obtained from 
Professor Kégel, a student of Willstatter, who in turn 
was a student and friend of Baeyer (16). It seems that 
when Baeyer prepared malonylurea he was “‘charmed 
by a youthful beauty Barbara X”’ whose name he in- 
corporated with the letters “‘ur’’ to designate the der- 
ivation of the acid from urea. 

It was not until 1873 that the correct structural for- 
mula for barbituric acid was given by Mulder (17). In 
his elucidation of the structures of other related com- 
pounds he states that the structure of barbituric acid is: 


NH—CO 
CoO 
\ 
NH—CO 


? The story given by Professor James Kendall in J. CHEM. 
Epvuc., 23, 2 (1946) does not fit chronologically. Professor 
Kendall makes the assumption that Baeyer discovered barbituric 
acid while at Ghent. Baeyer left Ghent in 1860 and his first 
paper on barbituric acid did not come out until 1863. Not until 
1864 did his paper on the preparation of barbituric acid appear. 
He published in 1860 his work en pseudo-uric acid with Schlieper 
and it is unlikely that he had prepared barbituric acid by this 
time, otherwise this work would have been published also. 
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The synthesis of barbituric acid from malonic acid 
and urea was accomplished in 1879 by Edouard Gri- 
maux (1/8). By heating on the water bath for two 
hours a mixture of equal parts of malonic acid and urea 
in the presence of phosphorous oxychloride and dis- 
solving the resulting mixture in ten times as much boil- 
ing water he obtained on cooling a yellow flaky pre- 
cipitate. The pure malonylurea was obtained by re- 
crystallization of the precipitate from alcohol and water. 
Various other syntheses have been worked out but they 
are only modifications of the one used by Grimaux in 
which different condensing agents are utilized. 

During the latter part of the nineteenth century much 
work was done on drugs which were hypnotic in nature. 
Joseph von Mering at the Clinical Laboratories in 
Halle continued earlier work on this class of drugs. His 
work led eventually to the discovery of the hypnotic 
properties of diethylbarbituric acid. It should be 
noted that in 1882 Max Conrad and Max Guthzeit pre- 
pared this derivative of barbituric acid by heating the 
silver salt of barbituric acid with ethyl iodide (19). 
When von Mering began anew his work on the hypnotic 
drugs he knew from his experience that ethyl groups in 
suitable combination with urea had hypnotic properties 
(20). With this in mind he combined diethylmalonic 
acid and urea, using the method of Grimaux, by con- 
densing them with phosphorous oxychloride. He ob- 
tained a crystalline compound which he presumed to be 
diethylmalonylurea. Since von Mering was not an 
expert in determining the constitution of compounds he 


had the product analyzed by Emil Fischer in Berlin. 
Fischer and von Mering had known each other when 


Fischer was a student at Strassburg (2/). Fischer’s 
analysis confirmed von Mering’s supposition. Fischer 
later published a method of preparing diethylbarbituric 
acid using sodium ethoxide as a condensing agent (22). 
This is the method most commonly thought of when one 
considers the preparation of this and similar compounds. 
The name “Veronal” given to this compound by von 
Mering was suggested to him as he approached Verona 
while on a trip through Italy (23). He seems to have 
had a fondness for inventing striking names such as 
this. . 

Since the publication of Fischer and von Mering on 
the hypnotic properties of diethylbarbituric acid (24) 
literally thousands of barbituric acid derivatives have 
been prepared and their hypnotic value tested. It has 
been found that to be effective both hydrogen atoms in 
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the fifth place of the molecule must be replaced by ay 
alkyl or aryl group (25). By increasing the length of 
the alkyl chain, differences in potency of the compounds, 
usually an increase, are found. Other differences jp 
action are found by varying the chains by branching o 
unsaturation, 
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G. H. Waxpen, L. P. Hammett, and R. P. Chapman! 
made a study of the ferrous-orthophenanthroline com- 
plex (Ferroin) and developed it as an oxidation-reduc- 
tion indicator with a formal oxidation potential of 1.14 
volts. D. N. Hume and I. M. Kolthoff,? taking the 
formal potential of the ferrous-ferric couple in one molar 
sulfuric acid to be 0.68 volt, re-evaluated the formal 
potential of the indicator at 1.06 volts. 

Other workers* * have studied the effects of different 
acids employed at different strengths upon the formal 
potentials of the ferrous-ferric and the ceric-cerous sys- 
tems as well as the effects of various sulfuric acid 
strengths upon the formal potentials of Ferroin and sub- 
stituted Ferroins. 

The experimental procedures in the above cited ar- 
ticles are in general too involved to be employed in a 
laboratory experiment. However, with certain simpli- 
fications the study of the formal potentials of these 
couples can be made the basis of an excellent experiment 
that can be easily completed in one laboratory period. 
Good agreement with the accepted values can be ob- 
tained. 


EXPERIMENTAL 


Equimolar amounts of ferrous ions and ferrous-ortho- 
phenanthroline complex in 1 M sulfuric acid were pre- 
pared by dissolving 0.12 g. of reagent-grade FeSQ,- 
7H;0 and 0.12 g. of orthophenanthroline monohydrate 
in 180 ml. of distilled water. Eleven ml. of concen- 
trated sulfuric acid were added and the total volume of 
the solution brought to 200 ml. The solution was im- 
mediately titrated potentiometrically with 0.01 M 
ceric ion in 1 M sulfuric acid (prepared by dissolving 
3.06 g. ceric ammonium sulfate in 500.0 ml. 1 M H.SO,). 
Potentiometric measurements were made with a type 
K1 potentiometer, although other types would be satis- 
factory. A Fisher pointer-type d.-c. galvanometer with 
a sensitivity of 0.1 microampere per millimeter was 
used. Reference electrodes used were saturated calo- 
mel or quinhydrone (in 1 M H,SO,, Au). The indica- 
tor electrodes were gold or platinum. Any combina- 
tion of these will yield good results. 


‘Waupen, G. H., L. P. Hammert, R. P. Cuapman, J. 
Am. Chem. Soc., 55, 2649 (1933). 

* Hume, D. N., anv I. M. Kournorr, J. Am. Chem. Soc., 65, 
1895 (1943). 

*Surrn, G. F., ano C. A. Gerz, Ind. Eng. Chem., Anal. Ed., 
10, 191 (1938). 

*‘Surrn, G. F., anp F. P. Ricurer, Ind. Eng. Chem., Anal. 
Ed., 16, 580 (1944). 
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A convenient quinhydrone reference electrode can be 
prepared by placing a freshly prepared saturated solu- 
tion of quinhydrone in 1 M sulfuric acid in a salt-bridge 
tube of the immersion-type calomel electrode. This 
eliminates the need of a connecting salt bridge. The 
dip-type quinhydrone electrode is immersed in the solu- 
tion. Since the sulfuric acid concentration does not 
change during the course of this titration the potential 
of this electrode is constant. 
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Titration of an Equimol of F us Sulfate and Ferrous 
Phenanthroline Sulfate in 1 M Sulfuric Acid with 0.01 M Ceric Sulfate 
in 1 M Sulfuric Acid, Using a Saturated Calomel Electrode for Refer- 

ence and a Pt Electrode as Indicator 


A typical curve obtained by the simplified procedure 
is shown in the figure. When the quinhydrone elec- 
trode is used for a reference, the results are interpreted 
as in the original article (ref. 1). When the saturated 
calomel electrode of known potential is used, the formal 
potentials of the ferric-ferrous, ferric-ferrous orthophe- 
nanthroline, and the ceric-cerous electrodes may be cal- 
culated from the observed potentials at the points A, C, 
and E on the titration curve. These points correspond 
to the potential observed when the ratio of the concen- 
tration of the oxidized and reduced forms in the respec- 
tive couples is unity. 

The formal potentials are calculated as follows: 


Eos. = E,.c.c. + Ecathode 
E cathode Eovs. + 0.2438 
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In the original procedure, it was necessary to reduce 
the iron completely to the ferrous state before starting 
the titration in order that point A (from which the value 
of point C is calculated) might be determined accu- 
rately. With a reference electrode of known potential 
point C can be calculated, as long as enough ferrous ions 
are present to permit the accurate determination of end 
point B. 
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Experimental results for various electrode combing. 
tions are shown in the table. 

As can be seen, the formal potential of the ferric-fer. 
rous couple (point A) can be determined with reasop. 
able accuracy even without preliminary reduction pro. 
cedures if the solutions are prepared from reagent grade 
material immediately before titration. With a stand 
ard reference electrode, the accuracy with which the 
complex potential is determined is not dependent upon 
the preliminary reduction to ferrous ions. This sug. 
gests that the simplified procedure might be used for 
the development of other oxidation-reduction indica. 
tors. 

One precaution is to be observed in the preparation of 
the solution for titration. The ferrous-orthophenan- 
throline complex must be formed in the absence of any 
sulfuric acid. If the reagents are dissolved directly in] 
M sulfuric acid only one break will be observed in the 
titration curve. This break corresponds to the oxida 
tion of the ferrous ions to the ferric state. 


SUPPORT FOR COMPRESSED GAS CYLINDERS 


Mosr compressed gas cylinders are awkward objects 
around a laboratory or lecture room. Unless placed in 
a fitted recess in a bench or corner, their shape renders 
them unstable when upright and consequently in con- 
stant danger of being knocked over during cleaning of 
benches and floors or even during normal chemical op- 
erations in a crowded laboratory. The usual tall, flat- 
bottomed cylinder is bad enough in this respect, but 
many gas cylinders are round-bottomed, which of 
course greatly increases their instability. Cylinders 
for plant purposes are sometimes mounted on a small, 
rubber-tired cart, but the bulk of this assembly renders 
it unsuitable for laboratory use. 

An obvious way to overcome this difficulty is to strap 
the cylinder to a fixed point on a bench or wall. This 
entails screwing or bolting two metal swivels, to which 
are attached the ends of a belt or webbed strap into 
the side of a bench or wall. This is satisfactory for 
some routine operations where the position of a gas 
cylinder is permanent, but in a research laboratory 
cylinders are frequently moved to different parts of the 
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building. Likewise, in a lecture room it is necessary to 
move cylinders to different positions along the demon- 
stration bench. 

We have found that rubber suction discs, commonly 
used on the top of automobiles for supporting a light 
framework designed to carry a load on the roof of a car, 
can be employed as a support for gas cylinders. Thes 
dises are usually about 3 in. in diameter and are pre 
vided with a screwed bolt in the center. A metal swivel 
to which is rivetted the strap of leather or webbing cal 
thus be easily attached to the rubber disc. These rub 
ber suction discs will adhere very satisfactorily for long 
periods to a smooth surface of metal, tile, cement, 
wood. _ If the surface is not fairly smooth it is advisable 
to smear on a little glycerol or vaseline before pressilg 
the rubber onto it. Two stout pieces of webbing, one 
of which is provided with a buckle, fastened by swivel 
to two rubber discs, thus form an efficient, flexible, and 
unobtrusive means of supporting gas cylinders in perfect 
safety in almost any part of the laboratory where they 
may be needed. 
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Tue recent announcement (/) that high-purity haf- 
nium metal has been produced in pound quantities at 
the Y-12 laboratories of the Oak Ridge National 
Laboratory dramatizes the advances made in this field 
during the past five years. The slow progress up to 
now in the development of the chemistry of element 72 
is directly related to the very small supply of the puri- 
fied element that has been available. This scarcity is 
not due to its low abundance in the earth’s crust, for it 
occurs in igneous rock to about the same extent as tin, 
molybdenum, and arsenic, although not concentrated 
in specific ores; but rather due to the lack of a conven- 
ient and efficient process for separating hafnium from 
its chemical twin, zirconium. The extreme similarity 
in the chemical properties of these two elements is un- 
derlined by the fact that hafnium was discovered 133 
years after the discovery of zirconium by Kalproth in 
1789, even though, as we now know, hafnium is always 
associated with zirconium ores. This similarity in 
chemical behavior is related to the electron configura- 
tion of the valence electrons, 4d*5s*, 5d*6s? for zirconium 
and hafnium respectively; and the similarity in ionic 
radii of the M+ ions, Zr*4, 0.74 A., and Hf+4, 0.75 A. 
(2). The fact that the hafnium ion is almost the same 
size as the zirconium ion, although the nucleus of the 
former has 32 additional protons, is of course a conse- 
quence of the lanthanide contraction. 

The production of hafnium probably would have re- 
mained at a very low level simply because there was 
little demand for it at the prices quoted, and because 
there appeared to be no necessity for developing an 
efficient process for removing it from zirconium. How- 
ever, in 1949, Sumner Pike, then a member of the 
Atomic Energy Commission, in a speech before the 
North Jersey Section of the American Chemical Society 
in January (3), revealed a good reason for the produc- 
tion of hafnium-free zirconium. Mr. Pike discussed the 
problem of choosing construction and operating ma- 
terials for the nuclear installations of the future and 
pointed out “that among the metals titanium has been 
found to be capable of withstanding the temperatures 
that are involved but that it absorbs neutrons badly. 
Zirconium holds promise, but means must be found to 
separate it from its annoying first cousin hafnium.” 
A glance at the nuclear cross sections for the naturally 
oecurring elements (Table 1) reveals the reason for the 
necessity of eliminating the hafnium from the zirco- 
nium, for hafnium has a cross-section capture for thermal 
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neutrons several hundred times greater than that of 
zirconium. 


TABLE 1 


Cross-section Capture for Thermal Neutrons for the Na- 
tural Element (4, 5) 


Cm.?/atom X 10% 


Ti 5.8, 5.9 
Zr 0.22, 0.4 
Hf 103, 157 


Recent methods of separating zirconium and hafnium 
in aqueous solutions have been successful; in part, due 
to a better understanding of the zirconium and hafnium 
solution chemistry. Unusual features of the aqueous 
chemistry of these elements are the high degree of hy- 
drolysis exhibited, the formation of polymeric species, 
and the multitude of complex ions that can be formed. 


AQUEOUS CHEMISTRY 


The tetrahalogenides when placed in water react 
vigorously to give strongly acidic solutions. Even a 
0.05 M solution of an oxysalt, such as MOCI,-8H,0, 
will give a solution with a pH of about 1. It is difficult 
to reconcile these observations with the cryoscopic and 
conductometric data on the assumption that the gener- 
ally accepted MO*++ ion alone exists in solution. 

The most definitive work on the nature of the ionic 
species in solution is that by Connick and McVey (6). 
The authors used the two-phase distribution system 
with a 8 diketone, thenoy] trifluoroacetone, in a ben- 
zene phase to study the equilibrium represented in the 
following equation: 


Zr(IV) + 4HK = ZrK, + 4H+ (1) 
or in terms of the equilibrium constant 


— 
° Gr(IV)) [HK (2) 


which at constant hydrogen ion concentration may be 
expressed in terms of logarithms as 


log Ki = log E — 4log HK (3) 


K 


where 
E = [ZrK,)},/(Zr(1V)) (4) 


Here the 8 diketone HK and the resulting chelate ZrK, 
are in the benzene phase, while the remaining species 
are in the aqueous phase. The metal distribution was 
usually determined radiometrically using 65-day Zr, 
or in macro amounts by means of the zirconium lake 
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developed with alizarin. The free diketone at equilib- 
rium was calculated from a knowledge of the quantity 
of chelate extracted into the benzene phase and the dis- 
tribution coefficient of the diketone. For purposes of 
calculating the extraction coefficient and equilibrium 
constants, the activities of the species in the benzene 
were used, and the concentrations of the species in the 
aqueous phase. The activity coefficients of thenoyl 
trifluoroacetylacetone have been determined by King 
and Reas (7), and it was assumed that the activity 
coefficients for the chelate and diketone were essentially 
the same over the range of concentrations used. In the 
aqueous phase the ionic strength was maintained con- 
stant at 2 by the addition of LiClO, when necessary, 
and under these conditions it was assumed that the 
activity coefficients of the aqueous species remained 
constant. 

Proof of the validity of equation (1) was obtained 
when the distribution coefficient was shown to have a 
fourth power dependence on the diketone concentration 
at constant hydrogen ion concentration. These data 
proved that the species in the benzene phase was ZrK, 
and not a hydroxylated molecule, that no complexing 
by the diketone occurred in the aqueous phase, and that 
the metal ion in the aqueous phase was a monomer. 


COMPLEX ION FORMATION 


To study the various species occurring in the aqueous 
phase, a second equilibrium reaction was imposed upon 
the first. This is represented as in equation (5): 


Zr(IV) + = + nHt (5) 
Here z is the charge on X and X in these studies was 
OH-, F-, or SO. The equilibrium constant for this 
reaction is: 


— (6) 
(Zr (1V))(HX 


Ke 


To interpret the data quantitatively, the extraction 
coefficient expressed more generally as E = [ZrK,]/ 
>, ZrX,+4—” was written in terms of the equilibrium 
constants Ky and Ke. 


[ZrK,] 
(HK}* 
{HK}! (7) 


To arrive at the number of hydroxyls per zirconium 
the extraction coefficient was studied as a function of 
the hydrogen ion concentration at constant HK activ- 
ity. In this system HX+~* then became H,O. The 
expression obtained by carrying out the differentiation 
indicated and substituting ZrX,+¢-™ for its equiva- 
lent in the numerator and denominator is 

+(4—2n) 
oln Ht 


Here f is equal to the fraction of total zirconium which 
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has the number of hydroxyl groups per zirconium 4g 
indicated by the subscript. 

To determine the degree of anion-cation interaction 
upon the addition of a foreign anion to the system, the 
extraction coefficient was studied as a function of the 
complexing ion concentration at constant hydrogen ion 
concentration and diketone activity. Equation (7) 
in this case was differentiated with respect to the 
HX concentration to give 


n 
> ZrXn +(4—2n) 
n 
= — — 3s 


where f is equal to the fraction of the total zirconium 
which has the number of X groups per zirconium as 
indicated by the subscript. In all cases the measured 
extraction coefficients E were converted to the extrae- 
tion coefficients one would have obtained at unit HK 
activity, E°, by using the fourth power dependence rela- 
tionship of the EF on the diketone concentration. 
From a plot of the logarithm of E° against the loga- 
rithm of the H+ concentration, the average number of 
hydroxyls on the zirconium was determined from the 
slope of the line. Such a plot is shown in Figure 1A, 


In HX 
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log HX 
Figure 1 


From this plot one can see that the number of hydroxyl 
groups increased as the hydrogen ion concentration de 
creased. Although the over-all path of the experi 
mental points was decidedly curved, segments of the 
curve could be fitted to straight lines drawn with slopes 
of —2 and —3, respectively. The points at the highest 
acidity determined from solutions containing macro 
amounts of zirconium could fit a slope of —4, which 
would correspond to Zr+‘ species. Later data by Con- 
nick and Reas (8) indicate that the important species 
in 2 N HCI, most probably is the nonhydroxylated 
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TABLE 2 
HX‘-» conc., Average number of X 
g. ions /l. groups per zirconium 
HSO,~ 
10-5 1 <1 
10-4 2 <i 
3 1 
0.2 3 2 
TABLE 3 
Ky 6.3 X 105 4.6 X 10? 
Ky 2.1 X 10 53 
K; 6.7 X 10? 1 


Zr+4, Between 2 and 0.2 M, the slope is —3 indicating 
Zr(OH) ** as the average composition of the metal ion, 
and below 0.2 M the slope is —2, indicating Zr(OH) *?. 
The equilibrium constant for the Zr(OH)** + H,O = 
Zr(OH)2+? + H* reaction was found to be K = 0.187. 

Plots of the logarithm of E° against the logarithm of 
the complexing agent are given in Figures 1B and 1C for 
the hydrogen sulfate and fluoride ions respectively. 
Again the curvature of the line indicates the presence of 
a series of complex ions and from the slope of the line 
over a small range of HX*+'~) concentrations the 
average number of X units per zirconium was calculated 
(Table 2). From these data it was apparent that the 
zirconium was much more strongly complexed by the 
fluoride than by the hydrogen sulfate ion. 

The successive equilibrium constants for fluoride 
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Figure 2 


and hafnium in perchloric, nitric, and hydrochloric acid 
solutions. Typical titration curves are shown in Figure 
2 with the points of initial precipitation and coagulation 
indicated by doubly and singly barbed arrows respec- 
tively. No inflection was observed at the point of pre- 
cipitation, nor was there any evidence of resolution of 
the precipitate at higher pH’s. Data for a series of 
titrations at different metal ion concentrations are 
given in Tables 4 and 5. The anion-cation ratio for 
these systems was 4. 

Several significant trends can be observed in these 
data. In all cases the hafnium solutions have a higher 
pH of precipitation than the zirconium solutions at 


and sulfate complexing calculated by Connick and TABLE 4 
McVey using a modification of the method of Leden PH of Precipitation and pk Data for Zirconium and 
(9) are shown in Table 3 for the following reactions: Hafnium Hydroxides-Perchloric Acid Solutions 
+ x-- = K;, G. tons/l. x 108 Vu pH R 
K, at pptn. at pptn. pptn. Pptn.  Coag. pK 
ZrX‘-2* + X-* = ZrX*-* = 
Zr Hf 
y H ; 18.0 0.27 2.05 0.87 1.87 8.92 
No data for hafnium are available except that from 123 “= tn the te Se 
the extraction studies using trifluoroacetylacetone (/0) 75 017 231 077 #2=189 «913 
which indicate that the hafnium-chloride complex may 42 013 247 O91 1.91 9.29 
be stronger than the zirconium-chloride complex. 186 027 2.13 O80 1.96 8.285 
12.6 0.22 2.23 0.75 1.87 8.96 
PRECIPITATION STUDIES 7.6 0.17 2.38 0.75 1.86 9.09 
. 4.3 0.13 2.60 0.87 1.91 9.21 
As the hydrogen ion concentration of zirconium and 
hafnium solutions is de- 
creased these elements pre- TABLE 5 
cipitate as hydrated oxides pH of Precipitation Data for Zirconium and Hafnium Hydroxides—Chloride and Nitrate 
or hydroxides at pH’s of a Solutions 
little over 2. Comparison ; G. ions/l. X 108 R 
of the data obtained by elec- Anion at pptn. vu at ppin. pH ppin. Pptn. Coag. 
trometrictitrations(/1) with Zr Hf Zr Zr > 
th 20 19.1 0.28 0. 1. 0.50 0. 1.88 1. 
that of Connick and McVey 13.4 12.7 0.23 0.22 1.97 243 0.34 O81 1.83 1.75 
Is not possible because the 79 7.7% OW O17 3.14 320 O89 OM 1.0 1.8 
titrations were run at a 4.3 4.3 0.13 0.13 2.29 2.73 0.23 0.88 1.93 1.86 
much lower ionic strength — No, 17.2 178 0.27 O27 2.34 2.47 0.85 1.07 1.83 1.80 
centrations. Data are a- 43 41 49018 013 240 287 024 101 1.80 1.90 


vailable for both zirconium 
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equivalent metal ion concentrations. This is consist- 
ent with the general principle that the acidity of an 
ion in solution follows the same order as the crystal ion 
sizes. Since the difference in size for the Zr+* and Hft# 
ion is very small, one would expect the differences in 
pH of precipitation to be very small, as they are. All 
the precipitates coagulated before the ratio of mols of 
OH~ added to mols of metal ion present, here desig- 
nated as the R value, reached the value of 2. This has 
been interpreted as signifying (/2) the formation of 
basic salts with the hydroxy] ion deficiency being made 
up by the anion present. However, it would also seem 
possible that the extensively hydrolyzed species already 
present reacted further with water to form the neutral 
metal oxide or hydrated oxide and the hydronium ion, 
the latter then being titrated to the end point. The R 
value at which the initial precipitation was observed was 
constant within the accuracy of the experimental tech- 
nique. This was taken as an indication that the com- 
position of the precipitate was the same at all dilutions. 

The behavior of zirconium and hafnium in chloride 
and nitrate solutions was significantly different (Table 
5). The R values for precipitation decreased rapidly 
with dilution for the zirconium, but remained essen- 
tially constant forthe hafnium. This may indicate that 
zirconium has a greater tendency to form insoluble basic 
salts in these solutions than does hafnium. In addition, 
the pH of precipitation values for both elements in 
these solutions differ considerably from the values in 
perchlorate solution. However, it is doubtful that 
these differences would be realized in mixed zirconium- 
hafnium solutions because of coprecipitation. 

The titration procedure has been used for the deter- 
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Figure 3 
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mination of solubility products, although there is some 
question whether or not such systems are truly jp 
equilibrium. Britton (13) has pointed out, bowever, 
that solubility products from such data are in good 
agreement with those obtained by other methods. Ey. 
amples of the application of this method may be found 
in the work of Moeller and Kremers (14, 15) on the rare 
earths. To be applicable, one must assume that over 
the precipitation range the system is represented by 
the equation 


M(OH). + (4 — x)(OH~) = hydrated oxide (10) 


Then the logarithm of the solubility product would be 
expressed as 


log Ksp = log M(OH): + (4 — log 


A plot of the logarithm of M(OH),+-* against the 
logarithm of the hydroxy] ion should give a straight line 
of slope (x—4) from which the charge on the metal ion 
can be evaluated. Such a plot for the perchloric acid 
solution data is shown in Figure 4. Equation (11) was 
found to be valid over three-fourths of the precipitation 
range, deviating appreciably from linearity as the co- 
agulation point was approached. The slope of the 
linear portion of the curve was —0.6, thus making the 
average number of hydroxyls on the metal ion species 
3.4 and the charge on the metal ion +0.6. This was 
interpreted to mean that a polymeric species existed in 
solution over three-fourths of the precipitation range 
with the average formula (M(OH);.4*°-*),. In the caleu- 
lation of pK (Table 4) the value of 14 for pK,, at 25° 
was used. It can be seen that the solubility decreases 
with decreasing ionic strength of the solution as would 
be expected. The ionic strengths of the solutions were 
calculated on the basis of the M(OH)3.4+°-* ion. ThepK 
values for the hafnium compound in pure water should 
be something less than 9.21, and less than 9.29 for the 
zirconium. 


POLYMERIZATION STUDIES 


The exjraction coefficient as expressed in equation (3) 
should be independent of the metal ion concentration. 
However, it was observed that above certain metal ion 
concentrations the extraction coefficient was dependent 
on the concentration (8, 10); this requires the presence 
of polymeric metal ions, Zr,(OH),+#~—" in solution. 
To study this phenomenon quantitatively Connick and 
Reas determined the variation in distribution coeff- 
cient E as a function of the zirconium ion concentration. 
In interpretation of the data, the polymerization reat- 
tion 

zZr(IV) = Zr.(IV) (12) 


must be considered in combination with equation (1). 
By expressing the extraction coefficient 


= 
z=1 


in terms of the equilibrium constant for equation (1) 
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at constant hydrogen ion and diketone concentrations, 

and K, = Zr,/Zr’, one obtains 

=2K,(Zr)* 

Converting to H° and carrying out the indicated differ- 

entiation, it can be shown that 


E (13) 


dIn E° 1 


Here f, is the fraction of the total zirconium which 
exists in polymers containing z zirconium atoms. The 
average size of the polymer in which a zirconium ion 
occurs is given by 2af,. The data for the variation in 
log E° with the log of the metal ion concentration fit 
the curves drawn in Figure 4 fairly well. The plateaus 
indicate that the concentration of polymers is zero, that 
is, only monomers exist in solution. This region is 
longer the higher the hydrogen ion concentration. At 
higher zirconium concentrations as the slope becomes 
negative the presence of polymers is indicated, with x 
becoming larger as the slope approaches the limit —1. 
The values for average degree of polymerization, =zf,, 
at different metal concentrations calculated from the 
slope of the line and equation (15) are tabulated in 
Table 6. 


TABLE 6 
The Degree of Polymerization of Zirconium in Aqueous 
Perchloric Acid Solution 
Average 
of raction of Zr 
merization of monomer per polymer 
log M** 1 YT 2M 1M 2M 1M 2M 
conc. H+ Ht Ht H+ H+ Ht 
—4.00 1.15 0.90 2.6 
—3.50 1.39 0.72 2.4 
—3.00 2.12 1.16 0.45 0.86 3.0 2.2 
—2.50 4.4 1.32 0.21 0.71 5.3 2.1 
—2.00 9.0 2.06 0.082 0.47 10.0 3.0 
—1.50 18.0 9.1 0.029 0.20 19:6 118 


The fraction of the monomer present was calculated 
from the equation f; = E°/E,° where E)° is the limit- 
ing value of E° at low zirconium concentration. These 
data show that the dimer makes an appreciable contri- 
bution to the ionic species in zirconium solution of 
0.001 M. 

From Figure 4 it can be seen that the two curves dif- 
fer from one another at high zirconium concentrations 
to the extent of approximately 0.3 of a log unit. This 
would mean that the hydrogen ion dependence of the 
extraction coefficient would be related to polymeric 
species in which the zirconium to hydroxy] ion ratio was 
1 to 3. It is interesting that these data indicate an 
average polymer composition similar to that arrived at 
from the electrometric titration data. However, it is 
not to be concluded that the nature of the polymer ob- 
tained as the hydrogen ion concentration is decreased is 
necessarily the same as the polymer obtained at high 


iM HCIO, 
2ZMHCIO, 
—5.0 —4.0 —3.0 —2.0 —-1.0 
log 2zZrz 
Figure 4 


hydrogen ion concentrations when the metal ion is in- 
creased. It appears that in the latter case the reaction 
is easily reversible, for dilution of a concentrated stock 
solution immediately resulted in an increased extrac- 
tion coefficient (10). However, even in the concen- 
trated stock solutions at high hydrogen ion concentra- 
tions, upon long standing a nonextractable metal ion 
species appears. This nonextractable species is not 
easily reversible and behaves like the polymer obtained 
as the pH of the zirconium or hafnium solution is in- 
creased. The exact difference in the nature of these 
two polymers is not clear. They may represent two 
different chemically combined forms, or just a difference 
in the size of the polymer, with the reversible species 
containing a low number of metal atoms and the slowly 
reversible or irreversible containing a large number of 
metal atoms. 

The relation of these data to the problem of achieving 
a separation of zirconium and hafnium in solution are 
obvious. The solutions must be dilute, below 0.001 M, 
freshly prepared, and at high hydrogen ion concentra- 
tions, to avoid polymer formations which will reduce 
the efficiency of the separation process. If polymers 
are formed in a zirconium-hafnium solution, there is no 
reason to believe that a mixed zirconium-hafnium poly- 
mer will not be formed, and under these conditions the 
efficiency of a separation would be still further reduced. 
It is also clear that the presence of foreign anions will 
reduce the extraction coefficient, but may improve the 
degree of separation owing to differences in the strength 
of anion-cation interaction. 


METHODS OF SEPARATION 


The methods used for the separation of hafnium from 
zirconium up to this time may be classified »s follows: 
(1) the fractional crystallization of the hexafluorides 
(16), oxychlorides (17), or oxalates (18); (2) the frac- 
tional precipitation of the phosphates (19) or ethyl 
phosphates (20); (3) fractional distillation of POCI; 
addition compounds of MCk (21); and (4) the frac- 
tional decomposition of complex ions of zirconium and 
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hafnium formed with sulfuric acid, phosphoric acid, 
hydrofluoric acid, dicarboxylic acids, a-hydroxycar- 
boxylic acids, and polyhydroxyalcohols (22), to yield 
oxides, phosphates, or ferrocyanides as precipitates 
(23). All these processes suffer from the fact that they 
are not particularly applicable to large scale continuous 
production methods, although a modified phosphate 
precipitation method has been successfully adapted by 
at least one commercial producer (24) who has produced 
about 12 kg. of 98 to 99 per cent hafnium oxide during 
the past four years. 

There does not appear to be any zirconium deposit in 
this country low enough in hafnium to make a hafnium 
removal step in the zirconium processing unnecessary. 
In fact, most of the normal zircon contains 1 to 2.5 per 
cent HfO, in the ROs, and therefore a sizable reduction 
in the hafnium content must be made in order to make 
the zirconium satisfactory for use in a nuclear reactor. 


RECENT PROCESSES 


Solvent Extraction Processes. The first process to 
appear which seemed to be applicable to large-scale 
continuous production was that developed by Fischer 
and co-workers (25, 26). This is a solvent extraction 
process in which the hafnium is preferentially extracted 
from an aqueous phase consisting of a concentrated sul- 
fate, thiocyanate solution, with a 1 M HSCN ether solu- 
tion (Stage I). The ether phase is then equilibrated 
with a new aqueous phase containing equal weights of 
ammonium sulfate and thiocyanate, whereupon the 
zirconium is preferentially extracted into the aqueous 
phase (Stage II). The ether solution enriched in haf- 
nium is then equilibrated with a fresh aqueous phase 
consisting of an acidified ammonium sulfate solution 
(Stage III), and under these conditions the metal ion 
concentration in the ether phase is reduced, and the 
aqueous phase contains the hafnium concentrate ready 
for recycling. The details of the extraction process 
were worked out empirically and probably would be 
difficult to study theoretically because of the high con- 
centrations used in the solutions. 


TABLE 7 
——Aqueous phase—~ Benzene phase 
M +4 Kz,/ 
Acid Cone. conc. Diketone Cone. Fuy 
HClO, (27) 2N 0.003 Thenoyl tri- 0.004— 21 
fluoroace- 0.07 
tone 
HC! (10) 0.2N 0.01- Trifluoro ace- 0.025- 15 
0.02 tylacetone 0.075 


Within the past two years other successful solvent 
extraction processes have been worked out, using essen- 
tially the same system used by Connick and McVey in 
the study of the aqueous chemistry of zirconium and 
hafnium. The ratios of the zirconium and hafnium 
equilibrium constants for the extraction reaction (equa- 
tion (1)) are given in Table 7. 

These data show that in such systems zirconium is 
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preferentially extracted into the benzene phase, and the 
magnitude of the K ratio indicates that a significan, 
separation is possible. In such an extraction syste 
the hafnium content of a zirconium preparation can bp 
reduced from 1 mol per cent hafnium to less than 0,65 
mol per cent in several extractions, or increased from 
5-7' mol per cent to 99+ mol per cent hafnium in, 
half-dozen extractions. 

Ton-Exchange Processes. Similarly cation- and anion. 
exchange systems have been successfully applied to the 
separation of zirconium and hafnium (28-37), 4 
summary of the resin and eluant used are given iy 
Table 8. 


TABLE 8 
Ion-Exchange Separation of Zirconium and Hafnium 
Resin Eluant 
20. Dowex-50 6 M HCl 
21. Dowex-50 0.5 N HNO;—0.1 M Citric acid 
22. Dowex-1 0.5 = HF—1 M HCl 
23. Amberlite IRA-400 0.2 M HCl—0.01 M HF 


In general the zirconium and hafnium are exchanged 
with the resin by a batch operation and the zirconium 
and hafnium resin is then placed on the top of a column 
and eluted. All experiments reported to date have 
been on a micro or milligram scale, and no data are 
available on the performance of these columns on a 
larger scale. It is interesting to note that the order of 
elution for the anion exchanger is the reverse of that for 
the cation exchanger. High-purity specimens of both 
zirconium and hafnium apparently can be obtained in 
this manner. 

Other Processes. Just recently an absorption process 
(32) was reported in which a methanol solution of the 
mixed tetrachlorides is passed over activated silica gel, 
whereby the hafnium is preferentially retained on the 
gel, and spectroscopically pure zirconium is obtained 
from the effluent. If the incoming solution (20 per 
cent MCI, in CH;OH) has a hafnium-zirconium ratio of 
0.02, a product spectroscopically free of hafnium will be 
obtained up to the point where one pound of ZrO, has 
entered for every five pounds of silicon dioxide (28-200 
mesh) in the column. Methanol is used to flush the 
solution through the column. Flow rates of 20 cm./hr. 
were satisfactory. The zirconium and hafnium on the 
column can be stripped by washing with 2.5 M anhy- 
drous HCl in methanol or 7 N aqueous H.SO,. The 
column can be stripped preferentially to give hafnium 
concentrates. This process and the fractional distilla- 
tion of the 3 M Cl,-2POCI; compounds (2/, 33) are of 
importance because they utilize the anhydrous chlorides 
which are normally produced in the existing commet!- 
cial operations. They would be of still greater impor 
tance if the purified ZrCl, could be recovered after the 
hafnium elimination step. 
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Wuen performing low-pressure distillations in the 
laboratory, one of the major problems is that of keeping 
the pressure constant. A number of devices have been 
described for this purpose. 

A controllable constant-leak device can be made in a 
few minutes from materials available in every labora- 
tory. This consists of a piece of small-diameter gum 
rubber tubing, B, attached to a glass T-joint, A, with a 
fairly tight roll of tissue paper, C, forced into the tubing. 
In operation, the T-joint with tubing attached is in- 
stalled in the vacuum system, and the amount of leak 
is controlled by means of a small screw compressor, D. 
As long as the source of vacuum remains fairly steady, 
the pressure in the system remains constant within sur- 
prisingly small limits. 

A unit of this type used in conjunction with a Nelson 
mechanical pump and a one-liter surge chamber was 
found to be capable of controlling the pressure within 
less than 1 mm. at pressures as low as 5 mm. With a 
static system (closed, no distillation) this apparatus 
held a pressure of 12.0 mm. so steadily for one and one- 
half hours that no fluctuation could be observed with 
an ordinary U-tube manometer. During several dis- 
tillations at pressures ranging from 10 to 50 mm. the 
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Constant-leak Device 


apparatus was found to hold the pressure constant 
throughout the operation. This device worked with a 
water aspirator also, but large fluctuations in water 
pressure had a marked effect on the system. 
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Gorrue showed active interest in many fields of 
natural science. It is quite well known that he was a 
botanist, an anatomist, and a physicist, and in his writ- 
ings we find also a concern for mineralogy and geology. 
It is therefore not surprising that his interests also ex- 
tended along chemical lines. Let us trace this thread of 
chemical interest which is woven into Goethe’s life 
history. Although chemistry was hardly his chief 
scientific forte, it was a subject which at times truly 
captivated his diversified mind and enlisted his active 
participation. 

In his early youth Johann Wolfgang Goethe received 
much of his education from his father. The lad was 
schooled in the ancient and modern languages and had 
access to the enclyclopedic works of Bayle, Morhof, and 
Gesner’ in the large library at his home. 

It may be assumed that young Goethe was, after a 
fashion, fitted with chemical fundamentals before he 
left home for Leipzig in September, 1765 (2). 

After almost three years, Goethe returned home a 
sick young man. It was at this point that be became 
interested in alchemy through the influence of his 
attending physician, a Dr. J. F. Metz who was a sup- 
porter of Paracelsus. The good doctor was an abstruse 
man. In “Dichtung und Wahrheit’’ (Book 8), Goethe 
recorded (3) 


With certain powders, which may have been some kind of 
digestive, he was not so reserved, but that powerful salt, which 
could only be applied in the greatest danger, was only mentioned 
among believers; although no one had yet seen it or traced its 
effects. To excite and strengthen our faith in the possibility of 
such a universal remedy, the physician, wherever he found any 
susceptibility, had recommended certain chemico-alchemical 
books to his patients. . . . 


To know more of the “non-failing salts’’ (possibly 
Glauber salts) Goethe read with his mother and a 
friend of the family, Fraulein Suzanna von Klettenberg, 
a book by Welling, entitled “Opus Mago-cabbilisticum 
et Theosophicum,” in which, among other things, the 


1 This article was a term paper written for the German Pro- 
seminar class, conducted at Bradley University by Professor 
Robert Rie. 

? Bayle’s “‘Dictionaire Historique et Critique’ was an encyclo- 
pedia devoted almost exclusively to biography. Morhof’s 
“Polyhistor Literarius, Philosophicus, Practicus,” a popular 
handbook which first appeared in 1688, contained a vast amount 
of bibliographical material, a history of most of the sciences, a 
methodology, rhetoric, poetics, and a systematic, though short, 
treatment of physics, astronomy, chemistry, botany, and zoology. 
Gesner’s “‘Primae Lineae Isogoges in Eruditionem Universalem” 
(Géttingen, 1756) gave an introduction to philology (embracing 
also a treatment of the arts), history, and philosophy (1). 

* Translated by J. Oxenrorp, “Autobiography of Goethe,” 
8. E. Cassino & Co., Boston, 1884, Vol. 1, p. 283. 
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und Wahrheit” to books by Paracelsus, Basilius Valep. & trated hi 
tinus, van Helmont, and Starkey, as well as one e. § In the tl 
titled ‘Aurea Catena Homeri.’’* “Chemisc 
Imagine the enthusiasm which Goethe exhibited as he § nates tho 
set up a small laboratory in his attic room. Her § mehr ode 
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with the “chemistry” of “Aurea Catena Homeri.” Weimar, 
In the summer of 1771 Goethe returned home with his § Goethe, e 
law degree to settle down and begin practice as a § Gesamt A 
attorney. During the next five years chemistry played § hold this 
no recorded part in Goethe’s life, but in 1776, having § A student 
become an official at Weimar, we find him visiting the J had becor 
glass makers of his territory in Schleusingen, Stiitser § through t 
bach, and Ilmenau. He also visited charcoal burner, § In 1785 t 
and went into coal mines and iron works, noting in his § two years 
daybook: ‘Viel von Bergwerkssachen geschwatat’ land and 
(August 1, 1776), also (in Ilmenau): “Silberprobe bei find the 


Heckern selbst gemacht’’ (August 4) and on August lé: Jena. 


“Meist zu Hause Chymie gelesen’’ (7). Goethe 

In 1777 Goethe made his first journey to the Han§ started an 
mountain district which further directed his attention chemical | 
to mining, and soon he was given direction of the wal active pa 
and road-building commission. His work in minilf "WTransla 

4 A book in which the cycle of nature is described in a beautiful ™ore or les 
half-mystic, half-scientific way (4). — 
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and road-building directed his thinking to geology and 
mineralogy, While that in forestry and agriculture led 
to a considerable interest in botany (8). We find in a 
letter to Frau von Stein (August 16, 1786) his apprecia- 
tion of the need for chemistry in mineralogy: ‘In der 
Mineralogie kann ich ohne Chymie, nicht einen Schritt 
weiter, das weiss ich lange. . . .” (7). 

In 1789 and several years following, Goethe concen- 
trated his scientific efforts toward his ‘“Farbenlehre.”’ 
In the third division of the work Goethe treats the 
“Chemischen Farben.’’ As chemical colors he desig- 
nates those ‘‘welche wir an gewissen K6rpern erregen, 
mehr oder weniger fixieren, an ihnen steigern, von ihnen 
wieder wegnehmen und andern K6rpern mitteilen 
kénnen, denen wir denn auch deshalb eine gewisse 
immanente Eigenschaft zuschreiben”’ (8).5 It is inter- 
esting to note that Goethe was quite familiar with the 
literature of his time which pertained to this subject. 
In the section ‘‘Von der chemischen Aktion des Lichts 
und der farbigen Beleuchtur~,”’ we find him telling of 
some work done by Scheele, .::e noted Swedish chemist 
(1742-86). 

In Weimar, Goethe had, through the years, three 
chemical advisors: Bucholz, Géttling, and Débereiner. 

Wilhelm Bucholz (1734-98), chemist, botanist, and 
Weimar’s court apotheca: °, served also as a member of 
the council of mines and as doctor of the court. On 
matters botanical and chemical, he was Goethe’s 
advisor for 20 years, and earned the latter’s friendship 
and respect. 

It is fitting that the reader should be reminded of the 
state of chemical knowledge existing at this time. 
Around the middle and the second half of the eighteenth 
century many important chemical discoveries and phe- 
nomena were being uncovered. The death blow came 
to the phlogiston theory about 1785 and the develop- 
ment of systematic chemistry was starting. Changes 
were being made in the universities of Europe to cope 
with this advance in chemistry. 

Recognizing this, Carl August, Duke of Saxony- 
Weimar, with the collaboration of his Privy Councillor, 
Goethe, established a professorship in chemistry at the 
Gesamt Akademie of Jena in 1789. The first man to 
hold this chair was Johann F. Géttling (1753-1809). 
A student of Bucholz, he was a fine experimenter and 
had become acquainted with Carl August and Goethe 
through their many visits to the court apothecary shop. 
In 1785 the duke had sent Géttling to Gottingen for 
two years of study, followed by a student trip to Eng- 
land and Holland, from which Géttling returned to 
rs the professorship in chemistry awaiting him at 
ena. 

Goethe greatly aided the new teacher in getting 
started and, over the years, consulted with him on many 
chemical matters of official and private nature, taking 
active part in some of his chemical experiments, and 


‘Translation: ... “which we can excite in certain substances, 


more or less fix, intensify in them, take away from them again 
and impart to other substances, to which we then therefore also 
ascribe a certain immanent property.” 
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conferred with him on the studies on ‘‘Farbenlehre”’ 
(9). 

When, upon the death of Géttling, the position at 
Jena was again open, Car] August wanted a successor 
who was also a man of practical chemistry. Gehlen, 
professor of chemistry at Munich, was asked for sug- 
gestions and proposed Johann W. Débereiner. 

Débereiner (1780-1849) was also an apothecary in 
the beginning of his career but later acquired consider- 
able practical knowledge in other chemical lines. Dé- 
bereiner met with Goethe, who was now Privy Council- 
lor and Minister of State, on November 8, 1810, and 
the two spent two days discussing plans for equipping 
the chemical laboratory at the university. A labora- 
tory was first established in the former Jena palace, 
using old chemical apparatus on hand at Weimar, ma- 
terial from Géttling’s incumbency, and books obtained 
from the ducal library (70). 

The experimental work soon outgrew the space pro- 
vided in the palace and in 1816, a house was acquired 
and fitted for Débereiner’s needs (Hellfeld Haus). In 
1833 a new technical-chemical laboratory (plans previ- 
ously drawn by Goethe) was built in the garden. 

Under Goethe’s management the chemical Lehr- 
kanzel of the University of Jena developed into the 
““Chemischen Anstalt.”’ 

Débereiner’s experiments and studies at Jena were 
varied and numerous. He introduced practical chemi- 
cal instruction into the laboratory. Some of the topics 
which were discussed in correspondence between Goethe 
and Dobereiner included (11): 


Phosphorescence of brilliants 

Minerals for the chemical preparations collection 
Potassium in felspar, gypsum in corals 

Sulfur water of Berka 

Coal tar 

Iron content of a sandstone 

Experiments with plant juices 

Siliceous earth in Carara marble 

“Feuergas” from coal and water 


Probably Débereiner’s most brilliant work was with 
platinum in which “he noticed a glowing of platinum 
in a mixture of hydrogen and oxygen gas” (//). From 
this finding he fashioned a new chemical lighter—the 
Débereiner Feuerzeug. Also noteworthy was his dis- 
covery of the “Débereiner Triads,” forerunner to the 
periodic table and preceding the work by Pettenkofer, 
Meyer, and Mendeleev. 

Goethe was also acquainted with other chemists of 
the times, some personally, some through correspond- 
ence, and others through their writings. Included in 
this group are such personages as Josef Gruner, Anton 
Lavoisier, Heinrich Wackenroder, Carl Scheele, Ber- 
zelius (12), Mitscherlich, Rose, Bergman,® and others. 

Goethe’s interest in alchemy and chemistry is re- 
flected in many of his works, for example, in ‘“Faust’’ 
and in “‘Dichtung und Wahrheit.”’ 

6 It is said that Bergman’s theory of double and simple chemi- 


cal affinities gave Goethe stimulus for his “Wahlverwand- 
schaften.” 
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And so we see that an interest in chemical phenomena 
ran quite consistently throughout Goethe’s life. Al- 
though chemistry seemed to play a minor role among 
his scientific endeavors, it was nevertheless, a subject 


which he held in high regard. 
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ARNE TISELIUS 


Tue Nobel Prize in chemistry for 1948 was awarded to 
Arne Tiselius of the University of Upsala for his work 
on electrophoresis and adsorption analysis and for his 
discovery of the complex nature of the serum proteins. 

He was born at Stockholm on August 10, 1902. His 
father was a mathematician. The boy’s active mind 
was early directed toward chemistry and biology by an 
inspiring teacher, who entrusted him with a key to the 
high-school laboratory, so that he could carry out 
chemical studies after school hours. Attracted to 
Upsala by the fame of Svedberg’s brilliant successes, 
Tiselius matriculated there in 1921 and took his first 
degree in 1924. He then became research assistant 
under Svedberg, with whom he worked on a method 
of determining the mobility of proteins. This involved 
a study of their electrophoretic migration and Tiselius 
directed his attention especially to the elimination of 
the possible source of errors in the moving boundary 
method. He also showed how the procedure could be 
applied in studies of the purity of proteins. These in- 
vestigations formed the basis of his doctoral thesis 
(1930). 

He stayed on at Upsala as assistant professor of 
chemistry. To broaden his research horizon he took 
up the study of adsorption and diffusion on and in 
solids. Needing well-crystallized zeolites as test ma- 
terials, he made a long trip to the Faroe Islands in 1932, 
where he personally collected beautiful and usable speci- 
mens. He discovered the factors which govern the 
diffusion of water into zeolite crystals and developed 
an excellent method for measuring the diffusion of 
water vapor and other gases into such solids. He also 
made studies of the kinetics of these processes in the 
presence of various gases. 

In 1934-35, he was at Princeton as a Rockefeller 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


Fellow. On his return to Upsala, where he hoped to 
be given a professorship, his qualifications, both thee 
retical and experimental, were fully recognized, but 
the only vacant chair was awarded to another who wa 
equally meritorious. Tiselius now decided to concer 
trate on biochemistry, which appealed to him as offer 
ing the most interesting problems, whose solutions 
would probably come from the application of physical 
methods. He therefore resumed his electrophoretical 
studies. He redesigned the apparatus for electro 
phoretical analyses so that the movement of the boun¢- 
aries could be followed optically and so that sample 
could be taken from different parts of the tube. The 
tube was made with long and narrow rectangular se 
tions in contrast to the circular form previously used 
The new design permits the use of much higher poter 
tial gradients, with consequent increase in resolving 
powers. This apparatus, improved from time to time, 
has now been put into use in laboratories whereve 
biocolloids are receiving serious study. It serves as 
means of purification, analysis, and isolation. 
Tiselius has also done important work in adsorptid 
analysis, and he has succeeded in making quantitative 
separations of closely related substances such as amin 
acids, carbohydrates, and fatty acids. He has show 
how molecular weight-frequency curves can be obtained 
from the adsorption analysis diagrams of high poly 
mers. His “salting out adsorption’ method is n0¥ 
being developed and promising results have been ob 
tained with respect to the fractionation of mixtures @ 
proteins and high molecular peptides. 
Through Svedberg’s efforts, a generous pattd 
endowed a permanent chair in biochemistry at Upsalt 
and Tiselius has occupied this professorship with dis 
tinction since its establishment in 1937. 
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Despite its being an art, efficient literature searching 
should follow certain forms if it is to be carried out 
in an effective manner. Some methods found useful to 
investigators are briefly described in what follows. 

The literature survey proper is made to give back- 
ground to a problem, orient an investigator in a subject, 
ortrace a historical development. Such a survey may be 
in the form of (1) a review; this is a connected exposi- 
tion listing references to articles from which material is 
cited in the text of the review, implying selection on the 
searcher’s part, or (2) a title bibliography; this usually 
isas complete a bibliography on the subject as possible 
(applying the law of diminishing returns), or (3) 
an author bibliography ; this is a tracking down of one in- 
vestigator’s work, or (4) an annotated bibliography of 
abstracts; this may be either from abstract journals or 


but from original articles, but also implies critical selection 
wale and evaluation of the literature. 
ncen- The final form of such bibliographies represents an 
offer investigation which is often as publishable as an original 
tim scientific study. Abstract bibliographies may be 
sical typed one abstract to a page, permitting arrangement 
stied by subject and the taking of further notes on the page 
ctr When the original reference is consulted; chronological 
und order by the original reference should be the arrange- 
ople™ ment within the subject. The secondary or abstract 
Th journal should always be given and preferably on a 
‘se separate line from the original reference. It is also 
used. preferable, for uniformity’s sake, to use standard library 
ote methods of listing, such as giving complete pagination. 
lving® This is necessary to indicate the character of the article, 
time, @ '.¢., whether an extensive study or just a note, and is also 
reve—® useful in ordering photostats. Abstracts are usually 
asim typed in block form without paragraphing. The fol- 
lowing is an example. 

of 4 New Viewpount in the Study cf Cellulosic Textile Fibers 
Parr, Wanda K. 
min Textile Researca 7, 65-9, 1936 
how (C. A. 31, 2440, 1937) 
e The cellulose membrane can be separated into ellipsoid cellulose 

* ® Particles, crystalline in character, and a cementing material 
NOW which is colloidal in behavior. The cementing material can be 
1 Ob extracted with weak acids or alkalies. Pectic acid has so far 
es dim been identified as one of its ingredients. Reactions of the 

Separated membrane constituents with cuprammonium hy- 

a oo show that viscosity variations are caused by the cement- 
oF: material only and not by the cellulose component. 
A subject bibliography should be prefaced by a table 


of contents indicating the breakdown of subjects, and 
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Celanese Corporation of America, Summit, New Jersey 


II. The Literature Survey Proper 
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should be accompanied by a carbon copy arranged by 
author so that one author’s work can also be traced. 
All bibliographies should be accompanied by a state- 
ment of the years, sources, and key index words 
searched. 

Effective searching involves more than thorough 
methodical coverage, and skill in using indexes requires 
more than a subject knowledge. Material often is not 
indexed in the way requested. A certain amount of 
imagination in thinking up key words and related topics 
is necessary. For instance, a search was recently made 
on the subject “Rates of diffusion of swelling agents and 
reactants through cellulose fibers.’”’ Upon consulting 
the indexes of Chemical Abstracts no entries were found 
under Cellulose or under Fibers using the words “‘rates’’ 
or “penetration.”’ To make an adequate survey of this 
subject it was necessary to search the following key 
words under the main index headings both of Cellulose 
and of Fibers: (1) absorption, (2) dyes and indica- 
tors; penetration of, (3) structure, (4) grinding effect, 
(5) reactivity, (6) water sorption, (7) swelling, (8) degra- 
dation, (9) hydrolysis, as well as the commonly known 
reagents for cellulose, viz., NaOH (mercerization), 
cuprammonium, nitric acid, acetic acid (acetylation), 
carbon bisulfide (xanthation), and to inspect all such 
abstracts, selecting only work with a kinetic approach, 
discarding that which was only qualitatively descriptive. 
Thus, ability to analyze the subject into constituent 
aspects furnished the clues. 

A broad view of the subject, and of the purpose of a 
search, bringing in correlated background information, 
often leads to interesting by-products which may pay 
dividends ultimately in eliminating necessity of another 
search at a later date. Thus, a search on conversion of 
propyl alcohol into propionic acid by bacterial fermenta- 
tion included catalytic oxidation of propionic aldehyde; 
although this was only correlative and not directly 
pertinent, the first search led to a request later for this 
information which had been already collected due to 
foresight on the part of the searcher at the time the 
first subject search was made. 

An intimate knowledge of how entries:are listed in the 
indexes is necessary. Often the different methods of 
organic nomenclature present problems in searching. 
For instance, one chemist found nothing in Chemical 
Abstracts on meta- and para-ethyl cyclohexanols where- 
as a technical librarian, after an orientation in Richter’s 
book, “Organic Chemistry,’ which showed that these 
compounds were known as 3-ethyl and 4-ethyl cyclo- 


ad to 
theo- 
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hexanols respectively, searched under cyclohexanol, 
ethyl 3- and 4-, and found some information. 

While knowing the investigator who has been inti- 
mately connected with a subject permits tracing 
through the published work of such an author, and thus 
may yield a bibliography of the subject already prepared 
by him, requiring only to be brought up to date, there 
are pitfalls in name searching as well, due chiefly to 
difference in transliteration of foreign names; thus 
Zalkind in Chemical Abstracts becomes Salkind in 
Chemisches Zentralblait. Recently, for a bibliography of 
the work of Dr. Frey-Wyssling, indexes revealed no 
items prior to 1935, whereas entries of somewhat related 
lines of investigation were entered under A. Frey. 
Apparently Dr. Frey had subsequently added his 
mother’s surname of Wyssling to prevent some confu- 
sion with another author of the same name working in a 
related field of investigation. 

How far back to search involves a knowledge of the 
history of the subject. Thus, for a simple bibliography 
on kinds of materials used for hydraulic brake fluids it 
would hardly be worth while to focus on the years prior 
to 1917 when extensive automotive developments first 
brought up interest in this subject; likewise, the topic 
“emulsion polymerization”’ is hardly likely to be listed 
in the first decennial index of Chemical Abstracts cover- 
ing the dates 1907-16, since polymerization techniques 
were not well developed until a later year. 

Most of all it is necessary to know the index journals 
best suited to the subject of the search. For instance, 
a search on the point whether nylon was first a trade 
name for a product and subsequently became a generic 
term is best done through newspaper announcements or 
in Industrial Arts Indexes from 1938 on, the year when 
nylon was commercially introduced, since Industrial 
Arts Index more or less completely covers the field of 
trade magazines, a great many of which are overlooked 
by the more scientific index journals. 

In a survey of any extent, therefore, a tentative 
method of its organization should be mapped out, an 
analysis of the subject into its various aspects made, 
and key words thought out as clues to index searching. 

The general steps to take in making a subject search 
would be: First, look up any unfamiliar terms in 
dictionaries, handbooks, or encyclopedias. (This will 
give one a general orientation, some clue whether the 
subject is primarily in the field of physics, chemistry, 
biology, etc., and an idea of the history of the subject, 
all this defining sources and how far back to look.) 
Next, choose from the subject book catalogue in a 
library a good modern text in that field or a comprehen- 
sive treatise, like Mellor, for inorganic; Richter, Whit- 
more, Bernthsen, or Karrer for organic, and read the 
pages indicated in the book’s index or tables of contents 
on the subject. This will turn up key words to search 
in abstract journal indexes. If the book is well docu- 
mented, such as Ellis’ “The Chemistry of Petroleum 
Derivatives,’ extensive bibliographic references to the 
original or abstract literature will be given at the bot- 
tom of each page, or at the end of the chapter, which 
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may make it unnecessary to search the abstract journals 
prior to that date, unless a complete bibliography jg 
desired, since the author of the book has already made 
the selective search. Sometimes all well-known texts 
on the subject are consulted to get differences in view. 
point, and it will be found that some authors dismiss g 
subject with a paragraph, while others expand it into 
several pages, depending on the specialty of the author 
himself. It is well to include quotations from the best 
and most modern text or monograph in the bibliography, 
Book references are not arranged in the final bibliog. 
raphy by subject but precede the subject matter ing 
section of theirown. Their format should be as follows: 


Ort, E.: Cellulose and Cellulose Derivatives 
Volume V of High Polymers 
Interscience Publishers, Inc., N.Y.C., Ist edition, 1943 
pp. 2, 5-6, 8-12, 19, 203-205, 312 
P. 72-75 Kinetic proof of structure of cellulose 
Refers to K. Freudenberg and C. Blomquist 
Ber. 68B 1935, 207c 


This illustration shows how book references are cited by 
author. 

Following this step, an annual review should be con- 
sulted if the subject is broad enough. Such reviews are 
the Annual Reports on the Progress of Chemistry of the 
Chemical Society (London) and the Applied Chemistry 
Reports of the Society of Chemical Industry, or in annual 
review articles of journals, such as Chemical Week. 
Any of these may give the present state of the subject 
and the year’s best references to original work. How- 
ever, this step in bibliography is often omitted and ap- 
proach is made directly to abstract journals. 

In using abstract journals, known as secondary refer- 
ence sources, it is best to start with the later volumes 
and work backwards in the hope that review references 
with prepared bibliographies on earlier work will also be 
encountered here. Use, of course, should be made of 
cumulative and decennial indexes where they exist, and 
it is here that the searcher’s art best comes into play. 

A great deal of material is buried because of poor it- 
dexing due to poor abstracting; however, well-cor- 
related topic key words can dig it out ultimately. This 
criticism, however, cannot be levelled at Chemical Ab- 
stracts indexes, which, it is acceded, approach perfection. 
The fourth decennial index, of which the author vol 
umes have been issued complete, and the subject 
volumes are also complete as of this date, represents 
five miles of index card files!! Formula indexes of 
Chemical Abstracts are most useful at the beginning of 
search to work out nomenclature and to find proper 
entry in the index. 

Another standard secondary source in English i 
British Abstracts, which is divided into Pure Science and 
Applied Science editions. Its abstracts are longer and 
more detailed than those of Chemical Abstracts (i. ¢ 
where a Chemical Abstracts abstract will say “27 solvents 
were tried,” British Abstracts will list the actual solvents) 
but the British Abstracts indexes have entries by key 
words of the title, rather than by subjects. It is per 


1 Crane, E. J., Chem. Eng. News, 25, 1188-9 (1947). 


literat 


Chemt 
Chemis 
Chemic 
British 
Industi 


| i patent 
all abs 
: 
3 
: 
indexe 
below 
The o 
3 
selecti 
gin 
Engine 
Inst. 
1921 
Am. Sc 
: 
Bibliog 
Misce 
Bulleti 
: 
ti 
Bulleti 
Mark 
of 
L- mista 
3 
= 
3 
search 
I for ea 
3 
‘ 


OCTOBER, 1951 


haps more complete than Chemical Abstracts on foreign 
patent coverage and on technologies such as in the 
textile industry. The one disadvantage is the absence 
of decennial indexes. 

The third standard secondary source is Chemisches 
Zentralblatt in German. It has the longest abstracts of 
all abstract journals and goes further back in the litera- 
ture than either of the others mentioned, 7. e., 1830 
under various titles, as against 1907 of Chemical Ab- 
stracts. Hence it is useful in searching the early litera- 
ture. It also has the advantage of semiannual author 
indexes. 

Some abstract journals in various fields are listed 
below, and the best for search purposes are starred. 
The others are either too new to cover a range of years 
or have very difficult arrangements of indexes, or very 
selective analytical abstracts, and are really current 
literature services. 


Chemical and General 


Chemisches Zentralblatt, 1830* 

Chemical Abstracts, 1907* 

British Abstracts 

Industrial Arts Index (no abstracts), 1913* 


Engineering and Physics 

Engineering Index (no abstracts), 1884* 

Electronics Engineering Master Index, 1925-1945 

Inst. Meials (London) Abstracts (for metallurgy and mining, 
1921*) 

Am. Soc. Metals Review (for alloys), 1947 

Science Abstracts, A and B 


Biology 
Biological Abstracts 
Bibliography of Agriculture 


Miscellaneous 

West, C. J., Bibliography of Paper Making, 1936-1945, and 
Annual Suppl. * 

Bulletin of the Institute of Paper Chemistry 

J. Soc. Dyers Colourists (abstract section) 

Harris, Natural & Synthetic Fibers (an abstract service) 

Textile Digest of Textile Research Institute 

Bulletin Institut Textile de France (abstracts section) 

MarRK AND PROSKAUER, Resins, Rubber and Plastics (2nd series) 


In going through an extensive number of indexes by 
years it is well to be neat and methodical; records of 
pages found in index entries must be kept accurately for 
a reference wrongly recorded might as well never have 
been found. Chemical Abstracts indexes make few 
mistakes in page entries, but they do occur, and if an 
item is not found on page 689, for instance, one should 
try page 869 or 968 or 68. 

A separate notebook should be kept as a permanent 
record for all searches, with the date when search was 
begun, the problem or subject of the search, key words 
searched, the year of sources consulted noted, with pages 
for each source giving page notations from the index. 
In certain cases the subjects should be noted opposite 
the page entries (especially opposite those discarded), 
for possible future use. Separate notebook pages 
should be used for cross references or earlier references 
referred to in articles to be tracked down subsequently. 
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Finally, and as a last step in the search, the original 
literature should be consulted, whenever possible or 
easily available, or a selection should be made from the 
abstracts of those papers worth reading in the original, 
because errors do creep into abstracts. ' 

Types of original literature often neglected by chem- 
ists as search sources are government publications, 
house organs, and graduate theses. The separate 
publications of the National Bureau of Standards and 
the American Society for Testing Materials are often 
valuable. The Inquiry Reference Service of the U. 8. 
Department of Commerce often gets out pamphlets 
such as ‘‘Basic Information Sources of Plastic Materials” 
giving a general orientation on a subject. Commercial 
companies and management consultants get out useful 
compilations such as the George 8. Armstrong & Com- 
pany, Volume VII on “The Plastics Industry’ and 
Volume VIII on Synthetic Fiber Industry’ which 
give a fine over-all and statistical picture of an industry. 
Unfortunately these are not completely covered in 
abstract journals. Graduate theses are of course ob- 
tainable. For all such material the abstract subject file 
of a special technical library must be relied on, since 
those of interest are indexed by a good technical librar- 
ian who follows the new publications in the special field 
and acquires them as soon as announcement of them is 
encountered in current magazines. 

From this original literature usually an evaluative 
abstract of his own has to be made by the bibliographer. 
Such abstracts are seldom contents-of-the-article type, 
but detailed points are emphasized, such as methods of 
preparation, constants, results. Implications of the 
article are noted as they occur to the searcher. For 
instance, in an article on radioactive carbon-tagged 
acetic acid lay a dormant implication of the possibility 
of the use of such a radioactive material in the study of 
rates and degrees of acetylation of cellulose. The 
Mellon Institute Library and chemists have developed 
some very complete blank forms for taking notes on 
original literature, with spaces giving room for noting 
type of article, where located, purpose and scope, criti- 
cal opinion, etc. 

Among the most difficult of searches are those in the 
field of organic chemistry. Properties, or identification 
of a compound already prepared in the laboratory, or 
methods of preparation may be sought. For identifica- 
tion, the empirical formula having been determined, the 
formula indexes of Richter’s “Lexicon,’”’ up to 1910 re- 
ferring to Beilstein, or Stelzner’s “Literatur-Register”’ 
which includes data from 1910 to 1921 can be consulted, 
and the formula index of Chemical Abstracts from there 
onward. If methods of preparation are sought, there is 
the series of 30 volumes of “Organic Syntheses’’ up to 
date and the two collective volumes of these edited by 
Blatt. Also, the six volumes of “Organic Reactions” 
under the editorship of Roger Adams. 

The best source up to 1939 is the fourth edition of 
Beilstein. This edition has adopted the Prager-Jacob- 
sen classification system based on structure of a com- 
pound related to its parent class. There is no space 
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here to go extensively into the complications of search- 
ing in Beilstein. A brief two-page description of the 
classification system appears in Chemical & Metallurgi- 
cal Engineering (Vol. 22, p. 256-8), while Huntress’ “A 
Brief Introduction to Usage of Beilstein’’ is a competent, 
extensive text. Suffice it to say that four aids to any- 
one using Beilstein are: a detailed table of contents; an 
index to each volume and a general index to 27 volumes; 
a code system locating each substance by means of a 
key compound and number; a general formula index and 
a definite arrangement by the principle of latest position 
of the parent compound, if derived from two or more 
functional groups, when the compound sought is con- 
verted back to its “stem nuclei’ by substituting 
hydrogen for all elements without breaking ring struc- 
tures of the compound. Within the three main classes 
of acyclic, Volumes 1-4; isocyclic, Volumes 5-16; hetero- 
cycle compounds, Volumes 17-27, arrangement is by 
decreasing saturation and increasing complexity. Vol- 
umes 30-31, naturally occurring compounds, have their 
own peculiar arrangement and subject index. Mellon’s 
“Library Guide to the Chemist,” pages 127-153, gives 
some practical examples of exceptional compounds pre- 
senting difficulties when the simple rules given above 
are followed. 

Organic chemistry literature is one of the oldest and 
most systematized; it is curious to note that the most 
complex compounds seem to have been the first to be 
worked on and are reported in the oldest literature. 


PATENT SEARCHES 


The rules of practice in the United States Patent 
Office require that in every original application the 
applicant must distinctly state under oath that to the 
best of his knowledge and belief the invention has not 
been in public use or on sale in the United States for 
more than one year prior to his application, or has not 
been patented or described in any printed publication in 
any other country before his invention for more than 
one year prior to his application (in the case of applica- 
tions for patent filed prior to August 5, 1940, this period 
is two years instead of one year), or has not been pat- 
ented in any foreign country, nor has an application 
been filed by himself or his legal representatives or as- 
signs in a foreign land more than 12 months prior to his 
application in this country. 

Publication and application dates, therefore, weigh 
heavily in the balance in obtaining a patent grant. 
Good literature, patent, and company record searches 
are obviously of great importance to the inventor and 
the patent attorney. 

There are two types of patent searches depending on 
the objectives: 

(1) Anticipation searches, done on the “state of the 
art”’ before filing an application, to determine advis- 
ability of filing (7. e., if invention really exists) and 
how broadly claims can be drawn to make a strong 
patent. Here bibliographies enable the attorney to 
distinguish more clearly the novelty of the invention. 
In anticipation searches the searcher must always take 
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the view that something prior may exist though ap 
port “no pertinent material found”’ is satisfactory to th 
attorney. The ruling is that disclosures in print in apy 
country more than a year before the patent applicatiq 
is made, even if the inventor did not know of such dis 
closure, is anticipation and counts against him. 

(2) A domination search for patents already grante 
in the field is made before buying or selling a device » 
obtaining a license under a patent. This consists of , 
reading of pertinent patent claims 17 years prior to th 
invention in question. 

A very exhaustive search for all, and any, anticips. 
tory references in any literature or printed matter what. 
ever is made when sued for infringement. Such 4 
“validity”’ search takes the highest skill of the searcher’s 
art and may even involve search on public use, covering 
“ads” and Sears Roebuck catalogues! 

Patent searches can be made from abstracts in Th 
Official Gazette, without certainty, however, of being 
complete. There is an annual index to this publication 
by author and assignee, and a subject index, but no 
cumulative class index. Librarians are agitating to in. 
duce the Patent Office to issue such a useful search tool, 
In looking up patents in the Gazette by company a» 
signee one must remember that failure to find such a 
assignee may mean that assignment was made after 
granting of the patent, and it would be necessary to 
know the inventor’s name to find the patent itself, 
The annual and weekly list of inventions of the Gazette 
is not a true subject index since listing is alphabetical by 
first word of title with no subject cross referencing, and 
patent titles often appear not at all indicative of their 
true subject content. Fortunately, however, obscure 
titles, like “Composition of Matter’’ have been recently 
forbidden by the Patent Office. Therefore, complete 
subject searching of patents can only be done through 
weekly class number indexes—a tedious process and thus 
never certain. 

In making a subject patent search the ‘Manual 
Classification of Patents’ is consulted, with its lates 
annual revisions. This has an alphabetical index d 
class and subclass, as well as an outline of class sched- 
ules. The likely classes and subclasses once decided 
upon, the searcher has the alternative of either looking 
up the patents in the class as listed in each weekly issue 
of the Gazette, or of going to Washington where there 
are available all specifications in that category plus file 
wrappers on any individual pertinent patent which wil 
give a complete history of that patent’s prosecution. It 
is generally conceded that a complete patent search i 
best carried out on the fully described invention in the 
specification in the Patent Office Library in Washingto 
by a professional patent searcher, but a list of all patents 
in a certain subclass will be sent on request and in pay- 
ment of a fee to the Patent Office. 

Aside from the official Patent Office publications 
the United States and other countries, there are usefll 
compilations that somewhat ease the searcher’s task 
The single patent abstract by number can be located 
through Chemcial Abstracts using the Special Libraries 
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Index to patents 1907-36, the years before a patent in- search, since they are oriented from one viewpoint and 
dex was included in that journal, and the Numerical _ represent careful collection and abstraction of the liter- 
Patent Index for 1937-46 (Volumes 31-40), published by ature with the investigators’ current problems in mind. 
the A.C. S. in 1949. Foreign patent equivalents to the Search requests to a library should be as specific as 
United States patent can be found in Chemisches Zen- possible and should give a hint of the purpose of the 
fralblatt. Determination of the date on which a patent — search or to what use it is to be put. 

number was granted and published in the Gazette is aided Searches and bibliographies are the productive work of 
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viabie byRandall and Watson’s“Finding List of U.S. Patents,’ a technical library and are usually given special atten- 
8 of issued by the U. niversity of California Press, 1938. tion, and a technical librarian fully informed of the ob- 
to the Patent compilations exist for certain subjects, com- ject of the search and familiar with the scope and the 
plete up to certain dates. Such are Worden’s “Chem- completeness of the collection in her own library is apt 
ticips- ical Patent Index,’’ 1915-26; Friedlander’s compilation to be the most thorough and efficient searcher. 
1877-1925; Winther’s “Patente der 
what. @ om dye patents, 1 LITERATURE 
uch ,  Organischen Chemie,” 1877-1908; and Faust’s “Cellu- 
‘che n Wiley ns, Inc., New York, 
vering Esters’’ pay special attention M. G., “Chemical Publications,” 2nd ed., McGraw-Hill 
0 : Book Co., Ine., New York, 1940. 
nTh | Patent searches can be submitted as a list of patent Sovze, B. A., “Library Guide for the Chemist,” McGraw-Hill 
being numbers or as abstracts arranged chronologically, with Book Co., Inc., New York, 1938. ; 
cation the latest on top. A list of patents of borderline per- 
ut no @ tinency is usually appended. The following is the Mupez, I. G., “Guide to Reference Books,” Am. Library Assoc., 
to in. format for a patent abstract. 6th ed., 1936 and suppl. 
n tool. U.8, 42,453,275 CONNOLLY, A. G., “Symposium on technical library techniques: 
ny as Preparation of M ixed Saturated-Unsaturated Esters of Cellulose 
ich an = G. W., White, B. B. & Barabash, E. (Celanese Corp. _Egiorr, G., M. ALEXANDER, AND P. VAN ArspELL, “Problems 
Oficial Gazette, U. S. Pat. Off., 616, 42, Nov. 9, 1948, p. 444 
itself, jg Process for the production of mixed organic acid esters of cellu- Cor, B. J., ~The library vs. the laboratory as a basisfor research,” 
lose containing radicals of both saturated and unsaturated ali- J. CHEM. Epve., 21, 319- 21 (1944). 
" phatic acids having at least four carbon atoms in the acid radical, Horrman, T., “Techniques emp loyed in making literature 
g,and medium comprising an inorganic acid esterification catalyst, (1947). 
F their  sbout two mols. of the anhydride of an unsaturated aliphatic Lewron, L. O., “Libraries, advance scouts for research,” Chem. & 
aclite acid, each having at least four carbon atoms in the acid radicals, Met. Eng., 53, 112-13, 116 (1946). 3 C 
tly allowing the esterification to proceed, adding an additional LEWTON, L. 0., An industrial eo arch library lanese Cen- 
cently amount of the saturated aliphatic acid anhydride, and allowing _,, “™®! Library,” Sci. Monthly, 65, 390-4 (1947). 
nplete {B the esterification to proceed to completion. As a new article of Bar, J. C., “Some vital books in science 1848-1047," Science, 
rough manufacture, cellulose butyrate-crotonate containing from 0.2 to 107, 485-91 (1948); Chem. Eng. News, 16, 213-14 (1938). 
thus 03 ¢rotonyl groups per glucose residue. The roving librarian,” Special Libraries, 36, 
e Some types of searches are impossible to make in the gyros lage ey ms = literature of science,” J. Sci. Instru- 
indexes. H j i ’ ments, 17, 253- 
lates abstract own patent and Wurrrorp, R. H., anp J. B. O’Farrevt, “Use of a technical 
te » Ca es are the t starting point for a library,’”’ Mech. Eng., 70, 987-93 (1948). 
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TEACHING FOREIGN LANGUAGES TO 
RESEARCH STUDENTS’ 


Ir nas always been agreed that science is universal 
and international, and that scientists in various coun- 
tries must be able to communicate with each other. 
The barriers of language must not be allowed to bar the 
progress of science, and the men of science have always 
accepted the necessity of learning to read, if not speak, 
the languages of eminent colleagues in other lands. 
This age-old necessity is now sharpened by interna- 
tional tensions and rivalries; the pursuit of knowledge 
has become a race against time. 

Now, less than ever before, can American research 
afford to overlook any opportunities, and yet our gradu- 
ate schools are increasingly turning out one-eyed re- 
searchers. By this I mean researchers who can read 
only one language—English. They are blind to re- 
search in any other language. Their graduate school 
transcript solemnly assures us that they can read Ger- 
man and French or perhaps Russian, but the men 
themselves usually admit that they don’t and can’t. 

This absurd and dangerous situation is not new. 
Ten years ago an eminent scholar wrote: “One has 
only to mention the topic in university circles anywhere 
to be inundated by a flood of hilarious anecdotes, be- 
wildered queries, righteous indignation, and unquot- 
able abuse.’’? Since this was written, the situation has 
become increasingly acute. Causative factors might 
be summarized as follows: 

Increase in graduate school enrollment has doubled and 
quadrupled at many institutions, even though staff, 
equipment, and budgets have not. This would have 
created difficulties enough even if other factors had re- 
mained unchanged, which they have not. 

Need for special instruction is more acute than ever. 
An increasing percentage of graduate students have had 
no contact whatever with any foreign language, and 
many cannot even write an acceptable report in Eng- 
lish. They are quite unprepared to “get up” a foreign 
language on their own, as most could do 25 years ago. 
I well remember my own graduate Dean who growled at 
me at registration, “Get that baby stuff out of the way 
promptly’’—and I did so. But it is not baby stuff to 
the average student today. The usual freshman course 
in language bores him with its drill on pronunciation 
and the oral skills, and baffles him with its linguistic 
terminology and analysis of grammar and syntax. 
Even the English explanations are foreign to him, and 
the course seems a strange compound of childish con- 

1 Presented at the 119th Meeting of the American Chemical 


Society, Boston, April, 1951. 
* DunKEL, H. B., J. Higher Education, 13, 403 (1942). 
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tent and highly technical analysis. For his purposes 
three or four semesters of such instruction would be 
necessary. So he gives up, flounders around on his 
own, and comes insufficiently prepared to take the ex. 
amination for the language requirement. 

No group stands in greater need of special instruction 
than those students who are now in graduate school, 
thanks to the G.I. Bill. Through no fault of their own, 
many of these students have never studied any foreign 
language, ancient or modern, and a fair number are in 
need of courses in remedial English. 

While considering the problem from the student's 
point of view, let us not forget that the continuing ad- 
vance of science and technology is not making it any 
easier for him to attain full professional competence in 
his chosen field of specialization. Even if a prescribed 
curriculum requires so many units of humanistic stud- 
ies, the budding engineer or scientist is apt to regard 
such courses as wasted time and do only the minimun, 
unless the instructor arouses and holds his interest. 

Language teachers have not responded to the chal- 
lenge. In fact many of them have not even become 
aware that students of science and technology require 
specialized instruction if they are to obtain maximum 
benefit from their language courses. Many professors 
of foreign literature are unqualified and uninterested in 
the various fields and subfields of science, or in their 
technical vocabulary. They tend to resent the pres 
ence in their classes of young scientists whose lack of 
previous instruction in languages is a source of difficulty 
and irritation. Also they tend to be purists and to in- 
sist upon the details and niceties of language which 
mean so much to them, but which are unimportant to 
students needing a reading knowledge of scientific ma- 
terial. Finally, many language professors resent the 
whole situation; students and examinations often areal 
unpaid overtime job thrust upon them, for which they 
receive little credit or thanks and more often criticism 
or sometimes even abuse. 

Clearly, the situation is false. Professors of foreign 
literature should not be expected to do a job for which 
they are not fitted. The graduate school should not 
ask them to do it as a form of charity. Our graduate 
students in science and technology deserve the very 
best of instruction, in foreign language as in other fields. 
Good teachers with training both in science and i 
languages can be found, and if given proper rank and 
salary, they can develop the special courses and needed 
— If we really want these things, we can have 
them. 
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Professors of science are not guiltless, either. Of 
the older generation, some, under the pressure of ex- 
cessive work, have neglected their foreign periodicals, 
forgotten their foreign languages, and lost their aware- 
ness of their value. (It is easy not to notice one’s own 
deficiencies, even of vitamins.) Occasionally one of them 
even brings personal pressure to bear on the foreign 
language professor who repeatedly fails a bright but 
overworked young scientist. Of the younger genera- 
tion of professors, not a few have gone through the 
language experience known as “cram, pass, and forget.”’ 
They have no respect for it, and their attitude is easily 
caught by their graduate students. Today’s graduate 
students are tomorrow’s young professors. The un- 
satisfactory foreign language situation means that the 
next generation of scientists will be even less prepared 
to keep world science in perspective. 

Administrative confusion has been a result of the pres- 
ent unsatisfactory situation and also a factor contribut- 
ing to further worsening. There is general agreement 
as to what constitutes a satisfactory first course in cal- 
culus, or in organic chemistry, or similar courses in 
other fields; no two schools seem to agree on what the 
graduate school should have in foreign languages. 
Vague phrases like “‘a reading knowledge,”’ “‘a working 
knowledge,” or even “a dictionary knowledge,” can 
and do mean all things to all people. A recent survey 
of 12 institutions reveals that the student is variously 
told to prepare himself by study ranging from ‘‘a few 
weeks” in one institution to “two years’’ in another. 
His failure to pass may or may not be recorded on his 
transcript. His examination may be oral, or written, 
or a home assignment in extensive translation. A dic- 
tionary may be prescribed, or prohibited. The ex- 
amination may be limited to one hour, or two hours, or 
it may last an indefinite time. Its material may some- 
times be familiar, and sometimes it must be new. In 
some institutions it must be rather unspecialized, such 
as general biology; in others it must be highly special- 
ized—not biology, not zoology, not entomology, but the 
parasitology of crustacea. The examination may be 
free, and offered several times per term. It may cost 
the student as much as $25, and be offered only once 
per term. In some institutions it must be passed in 
the first year of residence; in others, at any time, even 
on the eve of Commencement day. 

The examination, whatever it is and however ad- 
ministered and graded, is frequently subject to review 
by the major professor. This division of authority re- 
sults in friction and inefficiency. In some schools cer- 
tain of the science and engineering departments have 
their own examiners and procedures and, of course, 
their own standards. 

The result of all this division of authority and re- 
sponsibility and of the accompanying differences in 
opinion has been wavering and uncertain standards. 
Injustices—real or fancied—have aroused resentment 
among graduate students and their major professors 
toward the language department, whose members, as a 
result, have tended to “play it safe’ by giving passing 


grades to dubious examination papers. After all, no- 
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body protests a passing grade. Yet much yielding to 
pressure only aggravates the situation by greasing the 
skids for a further decline in standards. A vicious cir- 
cle of this sort, once established, requires determined 
effort to break it up. 

The situation being what it is, it is only natural that 
there should be a wide variety of opinion as to the value 
of the language requirement for graduate degrees in 
science and technology. Opinions range from “‘indis- 
pensable tool” to ‘senseless obstacle.’’ There are 
those, too, who maintain that however useless as a tool 
the foreign languages may be in some fields, there is 
great value in the foreign language experience per se, 
especially in these days, and that the doctorate should 
not be conferred on any man who is illiterate in all 
languages except his mother tongue. 

There are also those who favor outright abolition of 
the language requirement for advanced degrees. The 
scholar whom I quoted earlier writes: ‘Universal use- 
fulness was the reason for the universal requirement. 
Yet a large proportion of our students and faculty con- 
sider (it) as no longer useful . . . why not do away with 
the universal requirement and substitute some more 
acceptable plan?’’* He concludes that the requirement 
should be abolished except in those cases where there is 
clearly a need for it. 

This is plausible, but I think it no less dangerous than 
the reactionary insistence that the present requirement 
be retained unchanged in all fields, regardless of cir- 
cumstances. Should each institution or department 
make its own decision as to the usefulness of a certain 
language in a certain field? Are all scholars equally 
informed about the possibility of overseas developments 
in their field next week or next year? Can American 
science afford to indulge in isolationism and unprepared- 
ness? Some men of science would answer “yes’’ but 
such a decision is surely a serious one, to be taken only 
after full consideration and consultation among its 
leaders. 

Before we arrive at decisions as to what to do, atten- 
tion should be given to possibilities of greatly increasing 
the effectiveness of methods of teaching a reading 
knowledge of a foreign language to graduate students of 
science and technology. 

Those of us who have developed special language 
courses for graduates know that a functional reading 
knowledge of a foreign language can be developed in 
one semester or less for superior students, and in two 
semesters for the average. We can make the course 
interesting and profitable by adapting the content, the 
methods, and the techniques to the mature interests 
and special needs of graduate students. By so doing, 
we can save countless thousands of precious man-hours 
for graduate research, and we can avoid the frustrations, 
recriminations, and bitterness which now characterize 
the situation. And in doing all this, we can restore 
honest standards. But afew prerequisites are involved. 

First of all, we shall need proper tools—effective text- 


3 DunKEL, H. B., ibid., p. 405. 
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books and reading material. The grammar books and 
feeble fiction used in freshman courses are unsuited to 
the needs and interests of graduate students, and waste- 
ful of their time. There is a great need of special ma- 
terial tailored to their special requirements. That such 
material can be prepared is attested by J. W. Perry’s 
textbook on “Scientific Russian.”’* This book has 
been written specifically for those graduate students in 
science and technology who have never studied Russian 
but wish to learn to read Russian scientific material. 
We need more books of this sort—particularly in French 
and German. 

We also need teachers who have a knowledge both of 


4 See review, J. Cuem. Epwc., 28, 345 (1951). 


OF COLOR’ 


A uecrvre demonstration which included a number 
of general principles of the chemistry of color proved to 
be a popular feature of an “Open House’’ program at 
Rensselaer Polytechnic Institute. The development of 
the concepts of the nature of light and color and of the 
formation and use of colored compounds in an hour 
program was necessarily kept simple; although con- 
ceived for an audience with a background of high-school 
chemistry and physics the program was enjoyed by 
some who had less work in science. The demonstration 
experiments described are not new, but the synthesis of 
a number of basic concepts, which could be illustrated 
in striking fashion, afforded an interesting and instruc- 
tive program. 

The sequence of experiments was managed by a num- 
ber of demonstrators working successively with equip- 
ment arranged along a long lecture table. Attention 
was focused on each experiment in its turn by lighting, 
while others were being prepared or equipment was 
being removed. As the experiments were performed, 
they were explained by a commentator and also by 
those demonstrating the experiment. The commen- 
tator worked from a prepared script which included the 
basic concepts and modified this extemporaneously to 
fit the timing of the experiments. Calling on those per- 
forming the experiments for explanations and com- 
ments, when appropriate, proved to be a very practical 
way to accommodate minor differences in timing, and 


1 Presented in part at the 119th Meeting of The American 
Chemical] Society, Boston, April, 1951. 


A DEMONSTRATION ON THE CHEMISTRY 
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science and language. Such teachers can presey 
languages to our science and engineering graduate gt. 
dents as no one else can. 

The fact that something can be done is no cause fy 
easy optimism. How little actually is being done wy 
revealed by the above-mentioned sampling of 12 wel. 
known graduate schools across the country, public apj 
private, technical and general. Of these, only thre 
provided special classes in foreign language for graduat 
students. 

Enough has been said to outline the research problen 
that confronts us. We need to get facts concemiy 
needs, provide valid definitions, develop needed m. 
terials, establish standards, procedures, and policies, 


STANLEY C. BUNCE and HENRY F. 
HAMMER 
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gave an effect of spontaneity. It also avoided the pos 
sible monotony of a single speaking voice, and allowel 
the commentator to assume the part of the audience in 
asking questions. 

It will be realized that the experiments on dyeing, ia 
particular, had to be scheduled carefully so that the 
samples would be ready, in turn, for removal from the 
dye bath, washing, and exhibition as the script move 
to a description of the particular process. 

This program was developed in cooperation with 
number of students who worked out the details for the 
most effective demonstration of the experiments ané 
it was presented by a small group of students. Iti 
included here in outline form, with detailed descriptions 
of the experiments limited to those which are not reat- 
ily found in commonly available sources. Unles 
otherwise noted, all materials mentioned are available 
from laboratory supply companies. The explanation 
and presentation of the concepts by the commentaté 
are indicated only briefly; the content of this portiond 
the program must depend on the time available and 
the background of the audience. 


DEMONSTRATIONS 


(1) Color is the effect of light of certain wave length 
on the eye. Color can be produced by physical strut 
tures which separate white light into selected wavt 
lengths and send them along various paths. A pmsil 
bends the various wave lengths comprising white light 
to different degrees and produces a color spectrum. 
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Fine particles or films may allow certain wave lengths to 
and reflect others. The colors of the rainbow, the 
blue of the sky, and the red of the setting sun are ex- 
plained. 
(a) A spectrum, produced by a good prism, is projected on a 


screen. 

(b) Colors produced by Tyndall effect are projected. This is 
most conveniently illustrated by passing an intense beam of 
white light through a tank containing dilute sodium thiosulfate 
to which is gradually added small amounts of very dilute hydro- 
chloric acid to form a monodispersion of colloidal sulfur.* 


(2) Color produced by colored objects depends on 
their properties of absorbing light of some wave 
lengths, and of reflecting or transmitting the light of 
other wave lengths. 


White light is passed through colored filters. Colored objects 
are examined in white and then in red and blue light. 


(3) Many things commonly thought of as colored are 
colorless materials with small amounts of colored com- 
pounds incorporated. 


(a) Water is colored by a trace of a water-soluble dye, and the 
separation of this colored solution by distillation is illustrated. 

(b) The separation of a colored solution by chromatographic 
adsorption is demonstrated.* An adsorption tube is prepared 
from a glass tube, 13 X 1.7 cm., by placing a pad of cotton overa 
constriction near one end and pouring in a slurry of adsorbent in 
distilled water. The adsorbent is a suspension of a commercially 
available activated alumina adsorbent mixed with 10 per cent 
Hyflo-Supercel (Johns-Manville) in a solution 0.002 M in primary 
and secondary sodium phosphate (pH 7.04). Two pieces of filter 
paper placed over the surface of the alumina in the column will 
prevent channeling. Water is passed through the column, and 
when the level of the water has fallen to within a few mm. of the 
top of the alumina, a 2-ml. portion of a 0.5 to 2 per cent solution 
of mixed dyes is added and allowed to soak into the column. 
Following this, a 10-ml. portion of water is added to separate 
(“develop”) the dyes. Slight suction may be necessary to 
accomplish the process in a reasonable time, or tubes can be shown 
illustrating the various stages of the process. Mixtures of dyes 
may include auramine 0 and Victoria blue (extremes in rate of 
adsorption ) and any of the following dyes which are intermediate 
in rate of adsorption: malachite green, crystal violet, safranin 0, 
and methylene blue. 


(4) Color in chemical compounds is a result of ab- 
sorption of light of selected wave lengths, and may be 
due to particular structural features. A change in 
structure may result in a change in the nature of the 
absorption and a consequent change in color, or a com- 
plete loss of it. 


(a) Dye structures are illustrated by charts, with chromophoric 
groups indicated. 
(b) Indicator effects are explained by structure charts and 
strated with solutions of some of the following dyes: 
methy] orange, Congo red, methy] violet, and phenolphthalein. 
The latter two dyes undergo a two-stage color change, methy] 
Violet on acidification and phenolphthalein on addition of alkali. 
The color changes appear most striking if large beakers of fairly 


* Buacavantam, S., “Scattering of Light and Raman Effect,” 
Waltair Andhra University, India, 1940, pp. 2-3. 

* Directions included here are those of P. RuGGiI anv P. JEN- 
SEN, Helv. Chim. Acta, 18, 624 (1935), including some of the 
— proposed by W. Rreman, III, J. Cuem. Epvc., 18, 

1941). 
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concentrated dye solutions are used, and if these are well illumi- 
nated and agitated. 


(5) The use of dyes extracted from naturally occur- 
ring materials was a very old chemical art. The prepa- 
ration of synthetic or manufactured dyes, of which the 
preparation of mauve by Perkin and the synthesis of 
the valued natural dye, indigo, by von Baeyer are two 
early examples, was an important step in industrial 
chemical progress. The synthetic dyes were cheaper, 
possessed more varied colors and properties, and were 
purer and more uniform than the natural dyestuffs and 
eventually displaced them. 

The synthesis of indigo by a method‘ which is rapid (although 
giving poor yields) is demonstrated. The preparation may begin 
with benzaldehyde or o-nitrobenzaldehyde, and the sequence of 
operations to the filtration of the indigo will be completed in time 
to use the prepared dye in experiment 8. 


(6) Colored compounds are useful dyes for fabrics 
only if they are retained on the fibers and if they are 
stable. Fabrics differ markedly in the relative ease 
with which they can be dyed by a given compound, and, 
consequently, dyes of special types and methods of 
application have been developed to meet the various 
requirements. Not only is the chemical structure of 
the dye important, but also that of the fiber to be dyed. 
Chemically, silk and wool are proteins, while cotton, 
linen, and rayons are composed of cellulose molecules. 
The amphoteric nature of the proteinoid fibers provides 
centers of reactivity for dyes possessing acidic and basic 
groups, but on the other hand, the cellulose fibers are 
neutral and therefore demonstrate no tendency to 
react with acidic or basic groups. Thus a substance 
that dyes silk and wool directly might not affect cotton 
and vice versa. Synthetic fibers such as Nylon and 
Saran often cannot be dyed directly and special tech- 
niques may be employed to impart color to them. 


The difference between fabrics with respect to direct dyeing is 
illustrated by experiments in dyeing with Congo red, orange II, 
and Benzo Fast Scarlet.6 Wool, silk, cotton, and perhaps Nylon, 
rayon, and acetate rayon* may be treated in the dye baths, then 
rinsed and washed to observe the permanence of the color.’ 
While not fast, Congo red is direct for cotton and the indicator 
effect exhibited by this dye is demonstrated by immersing the 
dyed samples in dilute acid. Orange II is direct for silk and 
wool, but does not dye cotton, while Benzo Fast Scarlet, at room 
temperature, colors cotton and viscose but not silk and wool. At 
150°F. the latter dye will color silk more than wool but not as 
intensely as cotton.* 


R. D., anp J. M. Sturtevant, “An Introduction 
to the Preparation and Identification of Organic Compounds,” 
McGraw-Hill Book Co., Inc., New York, 1936, p. 114. 

5 Available from the Antara Division, General Dyestuff Cor- 
poration, 435 Hudson Street, New York, New York. 

6 Fabric containing strips of wool, viscose, silk, cotton, acetate, 
and Nylon in a repeating pattern is available from Testfabrics, 
Inc., 224 W. 35th Street, New York 1, New York. 

7 Freser, L. F., “Experiments in Organic Chemistry,’’ 2nd 
ed., D. C. Heath and Co., New York, 1941, Part I, pp. 257-9. 

8 A recommended dye bath for Benzo Fast Scarlet contains for 
15 g. of fabric, 0.15 g. of the dye in a solution containing 6 g. of 
sodium chloride in 300 cc. of water. The dyeing time, both at 
room temperature and at 150°F., should be 30 minutes. 
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(7) Many dyes which cannot be made fast to the 
fabric in a direct dyeing process can be bound on the 
fabrics by mordants. These are first precipitated on 
the fiber, and the dye is then absorbed on the thin coat- 
ing of mordant to produce an insoluble complex color 
compound. Dyeing processes using mordants are no 
longer widely used commercially. Other dyes and 
methods, some of which are illustrated below, can often 
be employed more conveniently and economically. 


The action of malachite green, direct for silk and wool but not 
cotton, is demonstrated with mordanted cotton, untreated cot- 
ton, silk, and wool. After dyeing, the fabrics are rinsed and 
washed. 


(8) Vat dyeing processes use dyes which are insoluble 
but which, for application to the fabric, are converted 
into a soluble, often colorless form. Further chemical 
reaction, usually an oxidation, then converts the com- 
pound to the insoluble colored form. The historic dye 
indigo is one which is so used. 


The indigo prepared earlier in the program is reduced by sodium 
hydrosulfide or ferrous sulfate solution to the soluble and color- 
less leuco-indigo. Cotton is boiled in the solution, and upon 
exposure to the air the oxidized form quickly develops and colors 
the cloth. 


(9) Developed dyes are those in which the last step 
in the manufacture or synthesis is completed directly 
on the fiber. There are several such processes. In the 
use of an ingrain dye or a developed dye, the fabric is 
first impregnated with a solution of a dye intermediate 
containing an amino group. After immersing in a di- 
azotizing bath, the fabric is then treated in an acid 
solution of a second dye intermediate, the developer. 
The coupling produces the dye directly on the fiber. 

Three cotton samples are impregnated with primuline, then 
placed in a diazotizing bath. After rinsing, one sample of the 
cloth is transferred to each of three developing solutions. The 


B-naphthol, resorcinol, and de- 
velopers each produce different colors (ref. 7). 


(10) “Ice-color dyeing’’ is accomplished by the re- 
verse processes. The coupling or developing agent is 
absorbed on the fabric, and this is then passed into the 
diazonium salt solution for the coupling reaction which 
produces the dye. The term “‘ice-color’’ comes from 
the fact that the diazonium salt solution must be kept 
very cold, or it will decompose. 


Alkaline solutions of 6-naphthol and of 1-pheny]-3-methyl-5- 
pyrazolone previously prepared are painted in stripes and figures 
on cotton cloth. The partially dried fabric is then dipped into a 
cold solution of diazotized p-nitroaniline (ref. 7), to develop 
the dye in the painted figures. 


(11) Certain compounds, not dyes in the strict sense 
of the word, are capable of absorbing ultraviolet light, 
and then re-emitting visible light of certain wave 
lengths, thus producing color. The phenomenon is 
called fluorescence.? Fluorescent dyes have found 


*A recent review article, A. L. Powe.., “Fundamentals of 
Fluorescence,” J. Cuem. Epuc., 24, 423 (1947), provides a useful 
reference for this and the following section. 
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commercial use in recent years. Many of the syntheti 


brighter, whiter wash, contain a colorless, fluorescen; 
organic substance which is adsorbed by the laundera 
cottons and linens. When exposed to sunlight, which 
contains ultraviolet light, the laundered item fluoresce 
to give a brighter, whiter appearance. A substanc 
which produces such an effect is Brightener T, 4,4’(di-p 
anisoylamino)-stilbene-2,2’-disulfonic acid (ref. 5) 


soaps and detergents, that are claimed to produce Pro. 


The ultraviolet fluorescence of selected compounds is exhibited, 
The ultraviolet source must be powerful and must contain little 
visible light for good effects, and the materials must be relatively 
pure. The following list is one of increasing order of brilliance of 
fluorescence: resorcinol, cobaltous acetate, stearic acid, methy| 
salicylate, phthalic anhydride, salicylic acid, potassium phthal- 
mide, phenanthrene, furfury] alcohol, phthalimide, anthraqu- 
none, eosin (aqueous), uranium acetate, fluorescein (aqueous), 
anthracene. The compounds may be irradiated and exhibited 
in glass tubes, since sufficient ultraviolet light is transmitted, 

A sample of cotton is immersed in a 0.5 per cent solution of 
Brightener T for 20 minutes. 
untreated sample of cotton fabric are irradiated with ultraviolet 
light. The light source is then turned on the audience and all 
shirts laundered with a soap or detergent containing a brightener 
will fluoresce brilliantly. 


(12) Fluorescence is an instantaneous process. The 
emission of light from some materials excited by ultn- 
violet light persists after the source of excitation has 
been removed. Such materials are called phosphor 
and are materials which glow in the dark. Some min- 
erals exhibit striking fluorescent and phosphorescent 
effects. 


The ultraviolet fluorescence and phosphorescence of powdered 
calcium sulfide, used in luminous paints, and of minerals suchas 
Willemite, fluorite, and Wernerite, are demonstrated. 


(13) A few complex organic compounds are capable 
of emitting visible light when they are oxidized. Only 
small quantities of these materials are required and 
there is no heating effect whatsoever in the reaction. 
The phenomenon is called chemiluminescence, since it 
is luminescence excited by chemical means. Similar 
reactions are probably responsible for the light produced 
by luminous animals and decaying vegetable matter. 


A demonstration on a relatively large scale with Luminol* 
provides a spectacular conclusion. Luminol is commercially 
available, and the use of apparatus of five liter or larger size allow 
the effects to be clearly visible from all parts of a large, darkenel 
lecture room. The use of small amounts of fluorescent dyes, 
as fluorescein and eosin, and of water-soluble dyes, such as malt 
chite green and crystal or methyl violet, in solution with th 
Luminol, gives striking color effects. 
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their suggestions for improving the effectiveness 
many of the dyeing process demonstrations. 


10 Huntress, E. H., L. N. Sranuey, aANp A. S. PARKER, “The 
oxidation of 3-aminophthalhydrazide (‘‘Luminol’’) as a lectut 
demonstration of chemilu ence,” J. Cuem. Epuc., 11, 144 
(1934). 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


Tur chemistry library certainly 
has its unique problems in this 
age when the rate of growth of the 
periodical literature alone taxes 
its budget and burdens its storage 
space. But the young library 
has the additional, herculean 
tasks of finding back issues to 
complete journal files and of ob- 
taining standard references which 
may be out of print or otherwise 
difficult to procure. In working 
out solutions for certain of these 
problems, the librarian at Im- 
maculate Heart College tried mi- 
crocards, which have recently 
been perfected and are reasonably 
priced. Last year the library 
bought the microcard edition of 
Beilstein’s “Handbuch der organ- 
ischen Chemie,’ complete with 
supplements and indexes, and, 
since it has proved satisfactory to 
the chemistry department in this form, I thought micro- 
cards might be worth knowing about for others who are 
— in building up or maintaining a chemistry 
rary. 

Microcards must, first of all, be distinguished from 
microfilm. Although microcards represent another 
application of microphotography to the problem of re- 
production of printed material, they are different from 
microfilm in almost every other respect. Microcards 
are printed on paper, a durable photographic paper, and 
hot on film. They are the size of an ordinary library 
index card, that is, 7.5 X 12.5 cm. or approximately 
3 X 5 in., but each card contains from 40 to 50 pages of 
printed material. A single page of the original is re- 
duced to a tiny microprint, only one-half inch high, 
but, when seen on the screen of the reader, it is enlarged 
toa little more than normal page size. Since the micro- 
cards are of standard size, filing cabinets of any desired 
capacity are readily available and filing or interfiling is 


5A0.5S.- 


Figure 1. 


‘Presented as part of the program sponsored by the PSACT 
at the Pacific Southwest Regional Meeting of the American 
mical Society, Whittier, California, April 28, 1951. 
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MICROCARDS FOR THE CHEMISTRY LIBRARY’ 


SISTER AGNES ANN GREEN 
Immaculate Heart College, Los Angeles, California 


[v. 554, 1943 


A Microcard, as It Appears to the Eye without the Aid of a Reader 


The markings at the top indicate that this is the 6th card of the 7 required to reproduce the 554th volume 
of the Annalen. Pages 214 to 259 are mounted on it in microprint. 


easy. The first card of a book or volume is labeled at 
the top with complete cataloguing information; each 
of the following cards (Figure 1) has the author, subject 
heading, and classification heading repeated, with a 
short title and a notation showing exactly which part 
of the book appears in microprint on that particular 
card. 

Since the top of each card is clearly labeled, and since 
separators can be used in the file drawer wherever 
needed, the location of a particular page reference is as 
easy and as quick as finding material in a book. For 
example, in the microcard edition of Beilstein’s ‘“Hand- 
buch”’ the location of the indexes, the volumes, and the 
supplements can be clearly marked in the file drawer. 
If, instead, Beilstein were on rolls of microfilm, the loca- 
tion of one page in the text would take more time, since 
the roll of film would have to be wound through the 
reader at a rate which would allow the recognition of 
the specific image being sought. Of course, mechanical 
selectors, such as signals or frame counters, will un- 
doubtedly come into use, but these will probably in- 
crease the cost of readers and also the number of con- 
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Courtesy of the Northern Engraving and Manufacturing Company, La Crosse, 

Wisconsin 

Figure 2. The Standard Microcard Reader, Placed on the Market in 
1948 


trols which the operator has to worry about. Or the 
librarian could, with sufficient staff help, devise filing 
methods to facilitate the process of finding page refer- 
ences on film. But with microcards, finding what you 
want is as simple as locating a reference in a card cata- 
logue. No processing to facilitate reference work is re- 
quired on the part of the librarian, since the markings 
on the top of the cards themselves, indicating their full 
content in readable print, constitute a convenient index. 
Microcards are not proposed as a replacement for 
microfilm, but rather as a valuable supplement. Micro- 
film is unsurpassed where only a single copy of an 
article or manuscript is needed. It is firmly established 
as the accepted medium of such photocopying services 
as that of the American Chemical Society, which will 
furnish, through the Department of Agriculture Li- 
brary, a microfilm copy of any scientific article under 
50 pages for $1.10 to its members. On the other hand, 
microcards will find their greatest usefulness for the 
chemistry library in the reprinting of valuable reference 
material and rare volumes of old journals, or in reducing 
the cost of expensive periodical files. Their sturdiness, 
low cost, and convenience in use recommend them par- 
ticularly for frequently consulted reference material. 
The story of the development of microcards, from the 
first publication of the idea in 1944 to actual production 
in 1948, is an interesting one (/, 2). A proposal for 
reducing bulky library reference material photo- 
graphically to microprint was presented by Fremont 
Rider, the librarian of Wesleyan College, in his book, 
“The Scholar and the Future of the Research Library.”’ 
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First, as the chairman of the Microcard Committee 
under the American Library Association, and, finally, 
as the chairman of the nonprofit Microcard Foundg. 
tion, Mr. Rider has directed the technical development 
of his idea. The Northern Engraving and Manufae. 
turing Company of La Crosse, Wisconsin, undertook 
the development of readers, and the Eastman Kodak 
Company of Rochester, New York, applied its research 
facilities to the perfection of microphotographic print. 
ing. New cameras, new photographic emulsions, new 
methods of developing and printing had to be devised 
in order to make microcards a method of publication on 
a semi-mass-production scale rather than a method of 
individual reproduction. At present there are 18 firms 
or groups publishing microcards, each specializing in 
certain fields and offering microcard editions of out-of- 
print material, foreign publications, or expensive collec. 
tions. So far, only three companies are publishing 
material in chemistry: the Microcard Foundation it- 
self which has had some offerings in chemistry since 
1949, and, more recently, the Technical Microcard 
Publishing Company and the J. C. Canner Company, 

In 1948 the first reader, the Standard Library Model 
shown in Figure 2, was placed on the market for $195. 
Other models are now available, some of which ar 
smaller, as compact as a typewriter, but which have 
good screen lighting and the same magnification power 
of 24 diameters. 

If they are available, microcard editions reduce the 
cost of journal files and reference material in three im- 
portant ways: first, by lessening the original purchase 
price; second, by eliminating the cost of binding; and 
third, by greatly diminishing the required storage space 
(4). 

Storage space is an important consideration, which 
becomes an acute problem as the library holdings grov. 
But even the young library must calculate the cost of 
keeping what it buys. According to one authority (3), 
storage costs in the average library, including amortia- 
tion of building, shelving, maintenance, heat, light, 
etc., amount to approximately 20 cents per volume per 
year. Bound periodicals, however, usually requir 
twice the space and storage costs of books, or approx 
mately 40 cents per year. A library which subscribes 
to and shelves 500 periodicals each year has an annual 
increase in its storage cost of $200. If it has back files, 
averaging 25-year runs, for about one-fifth of its current 
subscriptions, its periodical storage would then total 
$1200 for the year, but would mount to $12,200 ins 
10-year period. In other words, each bound volume 
will cost $4 to house for 10 years, and the number of 
volumes will increase cumulatively. 

If the library is to serve the research scholar (4), i 
certainly must keep these periodicals, but the questi 
of how this can be done without sacrificing library ser’ 
ice may well arise. It is becoming a commonplace fo! 
libraries to add modular constructions to act as wale 
houses for overflow, usually the material which ciret- 
lates less frequently. Microcards offer one solutiol 
which could prevent such an undesirable storage of te 
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search material. For this reason, as they become more 
available, microcards will undoubtedly come into ex- 
tensive use as valuable space savers. Instead of having 
the current periodicals bound at the end of the year, the 
library could purchase microcard editions for less than 
the cost of binding, and store them in a small fraction 
of the space required for the usual volumes. This type 
of economy is already in practice among certain micro- 
film users (3). 

The reduction which microcards effect in the storage 
space needed for various reference materials is almost 
spectactular. An ordinary book can be reproduced 
on from 5 to 10 cards, and 10 cards scarcely occupy one- 
eighth of an inch in a file drawer. All of Beilstein’s 
“Handbuch,” which ordinarily appears on the library 
shelves in from 53 to 64 bound volumes, can be obtained 
on 970 microcards, which scarcely fill more than 12 
inches in one file drawer. A small filing cabinet, con- 
taining 15 of these small drawers, is easily the equiva- 
lent of several stack sections in the library. 

The purchase price of microcards ranges from 10 to 
30 cents per card, depending upon the amount of sale 
anticipated for the edition. The Microcard Founda- 
tion estimates (/) that, to sell a microcard for 10 cents, 
at least 200 copies must be made and sold, in order to 
distribute the initial cost of publication sufficiently. 
The average quotations at present are about 20 cents 
per card, and at this price a 450-page book would cost 
about $2, which is less than most books cost now. The 
saving is even more striking when the costs of periodi- 
cals or serials are considered. If a scholarly or research 
journal is under consideration, the subscription price is 
very apt to be high, and the cost of binding and storing 


TABLE 1 
Comparison of Estimated Total Costs 
Book Micro- 
Form cards 
Of a 400-Page Bound Book: 
Purchase Cost $ 4.00 $2.00 
Binding Cost 
Cataloguing Cost 1.25 .20 
Storage Cost (10 yr.) 2.00 10 
$ 7.25 $2.30 
Of an 800-Page Volume of a 
Scholarly Periodical: 
urchase Cost —- 8.00 4.00 
Binding Cost 2.50 
Cataloguing Cost 
Storage Cost, (10 yr.) _ 4.00 0.20 
$14.50 $4.20 


makes the total even higher. Table 1 shows a compari- 
%n between the costs of obtaining, processing, and 
maintaining the same material in book form and in 
microcard form. This is a revision, made with the 
help of our librarian’s estimates of current costs, of a 
‘mnilar table in Mr. Rider’s Microcard Bulletins. 

A comparison of costs, such as those represented in 
Table 2, persuaded our librarian to adopt microcard 


551 
TABLE 2 
Comparison of Purchase Prices 
Beilstein’s “Handbuch der 
organischen Chemie”........ Original edition 

Lithographic reprint 568 
Microcard edition* 194 

Annalen der Chemie, Justus 
Microcards, 1832-1945 1008 

Berichte der deutschen chem- 
ischen Gesellschaft........... Bound run, 1868-1944? 2575 
Microcards, 1868-1944 1168 


* Quotations from the Microcard Bulletin No. 6, The Micro™ 
card Foundation, Middletown, Connecticut, Dec., 1950. 

> Quotations from the J. C. Canner Spring Catalogue, 1951, for 
sets of the original journals. 


editions for some of the important references we needed- 
For example, the last time a complete set of the original 
editions of Beilstein was on the market, it was quoted 
at $2200, although there was a time when it could be 
purchased for $1400. An Edward Brothers’ litho- 
graphic reprint is now $568, while the microcard edition 
is $194. Ifa reader had to be obtained just for this one 
item, the total cost would still be less than two-thirds 
the cost of the lithographic reprint. 

The microcard publications in chemistry are still few 
in number. All the important items in chemical litera- 
ture which are already available in microcard editions 
are listed in Table 3. Some of the items in the Canner 
catalogue have been omitted because they seemed to be 


Courtesy of the Northern Engraving and Manufacturing Company, La Crosse 
Wisconsin 
Figure 3. A Portable Microcard Reader, Model 5 
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TABLE 3 
Microcard Publications in Chemistry (March, 1951) 
Vol- Publish- 
Publications Years umes Cards Prices ers 
Ann. Chem, Justus 
Liebig’s 1832-1943 554 5043 $1008.80 M.F. 
Am. J. Sci. 1818-1949 247 2584 517.00 C. 
Beilstein’s “‘Hand- 
buch” 1919,1929 ... 965 194.20 M.F. 
Berichte 1868-1945 77 5839 1168.00 M.F. 
J. Biol. Chem. 1905-1920 45 (in a 
J. prakt. Chem. 1870-1943 162 (in preparatio 
Kolloid-Z. 1906-1944 107 1126 225.40 M.F. 
Monatsh. Chem. 
(Vienna) 1880-1945 65 (in preparation) 
Naturwissenschaf- 
ten 1919-1944 32 1143 228.00 C. 


Z. anorg. u. allgem. 
1892-1944 200 2548 625.00 


Chem. 
Z. physik. Chem. 1887-1944 193 3542 708.60 M.F. 


M.F.—Microcard Foundation, Middletown, Connecticut. 
C.—J. C. Canner and Company, Inc., 46 Millmont St., Boston 
NE d Publishing Corporation, 112 Libe 

.—Technic icrocar ishi ration, iberty 
St., New York 6, New York. ” 


isolated volumes rather than full serials. As a dealer 
in book and periodical collections, Canner is publishing 
out-of-print volumes to complete particular files, such 
as the first two volumes of the Journal of the Association 
of Official Agricultural Chemists (1915-16). This jour- 
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nal was started in May, 1915, and then publication wag 
suspended from May, 1917 until November, 1919, so 
that the first two volumes are missing from many files, 
These are now available on 22 microcards for $5.80, 
Aliso, the first ten volumes of the Transactions of the 
American Institute of Chemical Engineers, for the years 
1909 to 1919 during which time this journal was ap 
annual, are available on 98 microcards for $26. 

The present list is to be taken as a beginning, we 
hope, of a growing program for the publication of im- 
portant serials in chemistry. The publishers plan to 
make available those references which have hitherto 
been unobtainable or are prohibitively expensive in the 
original editions. They would undoubtedly welcome 
suggestions concerning specific titles which are of inter- 
est to a large enough group to warrant production—a 
group which need not be as large as that required to 
publish in other forms. An increased recognition of 
the advantages and potentialities of microcards will 
encourage more extensive publication in this form. 
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* A NEW PATTERN IN SCIENCE’ 


Cuemisrs are justly proud of their long tradition of 
scientific empiricism. I believe they should also be 
proud of having presented mankind with a new type of 
scientific knowledge. 

First let us illustrate the chemical tradition of em- 
piricism. Here is how Lavoisier defines a chemical 
element :* 


If, by the term elements, we mean to express those simple and 
indivisible atoms of which matter is composed, it is extremely 
probable we know nothing at all about them; but, if we apply the 
term elements, or principles of bodies, to express our idea of the 
last point which analysis is capable of reaching, we must admit 
as elements all the substances into which we are capable, by 
any means, to reduce bodies by decomposition. Not that we 
are entitled to affirm that these substances we consider as 
simple may not be compounded of two, or even of a greater 
number of principles; but, since these principles cannot be 
separated, or rather since we have not hitherto discovered the 
means of separating them, they act with regard to us as simple 
substances, and we ought never to suppose them compounded 
until experiment and observation have proved them to be so. 


This is the orthodox doctrine of scientific empiricism. 
What we assert today fits the experiments which we 
have made so far; if tomorrow a new experimental 
fact contradicts today’s theory, that theory will have 
to go overboard. 

For example, today we say that calcium follows 
potassium in the periodic table. According to the 
empirical doctrine,.if tomorrow we discovered a new 
element among cyclotron products, having an atomic 
weight greater than 39.096, but less than 40.08, we should 
give it its place between potassium and calcium. This 
is what a good empiricist would say. Is that what you 
believe yourselves? 

Of course not. Your mind rebels at the idea of 
something coming in between alkali metals and alkaline 
earths. You believe that the periodic table, although 
recent, is solid as granite. Let us examine whether 


‘Based upon an address presented at the Thirteenth Summer 
Conference of the NEACT, University of Rhode Island, King- 
ston, Rhode Island, August 20, 1951. 

*Lavoisrer, A., “Elements of Chemistry,” Henry Regnery 
0o., Inc., Chicago, 1949, Part I, p. 12. 


P. LE CORBEILLER 
Harvard University, Cambridge, Massachusetts 


your belief is justified. To simplify I shall use only 
two lines of argument: those of Mendeleev and Ruther- 
ford. 

Mendeleev first published his periodic table in 1869. 
He did not begin with arranging the elements in the 
order of increasing atomic weights, as is sometimes 
believed. He took a much broader view of the matter, 
for this is what he said :* 


Among [the] measurable properties of the elements, or of their 
corresponding compounds, are: (a) isomorphism, or the analogy 
of crystalline forms; and, connected with it, the power to form 
crystalline mixtures which are isomorphous; (b) the relation of 
the volumes of analogous compounds of the elements; (c) the 
composition of their saline compounds; and (d) the relation of 
the atomic weights of the elements... We shall briefly consider 
these four aspects of the matter, which are exceedingly important 
for a natural and fruitful grouping of the elements, facilitating, 
not only a general acquaintance with them, but also their detailed 
study. 


He then built up his table on the basis of these four 
properties. The table is made up of those famous 
eight columns and at the bottom of these columns 
are the formulas for the corresponding “higher saline 
oxides’: R,O for column I (alkali metals and Cu, Ag, 
Au), RO. or RO for column II (alkaline earths and 
Zn, Cd, Hg), and so forth up to RO, for column VIII 
(Fe, Co, Ni, etc.). On another line below we find 
RH, in column IV (C, etc.), RH;, RH:, RH in columns 
V, VI, and VII. (These lines have disappeared from 
most periodic tables hanging in our classrooms.) Mende- 
leev’s argument was this: Magnesium is in column 
II because it forms MgO. Aluminum is in column III 
because it forms Al,O;. A mathematician would have 
no difficulty inserting many elements R, R’, ; 
between these two, forming the oxidés 
..-let us say. But that is forbidden by property (0)! 
Mendeleev sums up the whole thing in these words: 
“The absence of intermediate elements—for instance 
between magnesium and aluminum...is_ essentially 
the most important part of the matter’’ (italics his). 

3 Knepier, J. W., Jr., Editor, ““Masterworks of Science,” 
Doubleday and Co., Inc., New York, 1947, p. 539. 
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Mendeleev’s chemical instinct is apparently what 
prevented him from saying: between fluorine and so- 
dium, because column 0, that of the inert gases, was 
not foreseen by Mendeleev. However, note that 
Mendeleev did not begin by ranging all the elements in 
one row of increasing atomic weights, and then claiming 
that such a row was complete. He built up columns 
of elements of similar chemical behavior, and then said 
that no new column could be inserted between these, 
because of Gay-Lussac, or Avogadro, or Cannizzaro, 
as you prefer.* Because Mendeleev’s views had thus a 
firm experimental basis, further experiment did not 
disprove what he actually said, (although it disproved 
what we sometimes make him say); and column 0 
placed itself at the left of column I, the line of the 
oxide formulas now reading: R (inert .gases), R,O 
(alkalies) ... ete. 

Now let us turn to Rutherford’s scattering experi- 
ments (1911). They do not merely support Mende- 
leev’s table; they complete it by bringing in a concept 
which was entirely new in science, and this is the main 
point of the present paper. 

Rutherford bombarded a thin gold foil with alpha 
particles, found that these were scattered according to 
some empirical law, and from this law derived the 
positive electric charge of the gold nucleus which, he 
assumed, was responsible for the scattering. Next, 
repeating the experiment with thin foils of other metals, 
such as silver and platinum, he found the nuclear 
charges proportional to the atomic numbers of the 
elements. 

The atomic number Z is that entirely new type of 
scientific concept to which I wish to draw your atten- 
tion. At this stage of the argument it does not mean 
the number of electrons in the gold or silver atom. The 
hypothesis of Z electrons was on the contrary intro- 
duced shortly afterwards by Rutherford in order to 
make the atom neutral, while its nucleus carried a 
charge +Ze. No: the atomic number of an element 
was the rank of this element in the linear list of ele- 
ments of increasing atomic weight, known at the time; 
thus, for calcium it was 20. No scientific, numerical 
law among the thousands of those discovered earlier 
than 1911 (with the notable exception of certain spectro- 
scopic series) ever mentioned the rank of something 
considered as an element in a sequence. Note that if 
such an empirical law were verified with an experi- 
mental error less than +1/2n it would mean that no 
new element differing from the already known first n 
elements could ever find place in the sequence. 

Rutherford’s early measurements of the nuclear 
charge did not have the precision of better than 1 in 
200 necessary to specify the rank of any chemical 
element in the periodic table. But many investiga- 
tions during the next 40 years, those with X-ray spectra 
in particular, have raised the precision much higher. 
For instance, Moseley’s data (1913) placed themselves 


4 For an interesting discussion of this point, see LEONARD K. 
Nasu, “The Atomic-Molecular Theory,” Harvard University 
Press, Cambridge, Mass., 1950. 
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on two straight lines, but he could make the kink 
disappear by assuming an element of rank Z = 
(technetium, then unknown), thus raising by one unit 
the ranks of all elements from ruthenium onwards! 
Nothing could show more clearly that in the present 
list (not table) of chemical elements we now have ap 
experimentally ordered and complete sequence (com. 
plete up to the latest known element, that is). The 
discovery of any new element, assigned a rank less thap 
98, would modify the atomic numbers of all the elements 
to the right of it, and thereby contradict numerical 
measurements undisputably recorded. 

Thus what we may call Lavoisier’s “extreme” 
empirical attitude, according to which any chemical 
element A, today so called, could tomorrow be de 
composed into two new elements B and C, an attitude 
entirely correct in its time and for 120 years later, has 
now become untenable—not because of any theory or 
@ priori argument, but as the outcome of numerical 
experiments of increasing precision. It is the exper- 
mental method itself which after three and a half cen- 
turies of progress is presenting us with a statement ofa 
type fundamentally new in science: a statement that 
tells us that we know for sure all the things of a certain 
kind that can exist; others, we say, cannot occur. 

There are other statements of the same type in the 
physical sciences. Consider crystals. From the differ- 
ent kinds of symmetry empirically observed in erystals, 
one can deduce that any specimen must belong to one 
of 32 crystal classes. This does not tell us why we 
observe these symmetries and no others, nor how 
many types of crystals belong to a given class. But 
in the 1890’s, owing to the progress of the mathematical 
theory of groups, a completely satisfying result was 
obtained. Working from the single hypothesis that a 
crystal consists of a certain pattern periodically re 
peated in all possible directions, three mathematicians, 
using different methods, obtained the same result. 
There exist 230 types of periodic space patterns. They 
of course distribute themselves among the 32 previously 
known classes. 

Two things are particularly remarkable about this 
result. One is its completeness, the assurance we 
have that we know all the possible types of crystals— 
whereas we do not know yet how many chemical ele 
ments there may be. The other is the vast amount 
of information thus mathematically derived from the 
single, simple assumption: Crystals are periodic strut 
tures. This, which was once a hypothesis, is of cours 
now experimentally established, since otherwise We 
could have no X-ray diffraction patterns. 

Two more examples of a similar character will show 
what I am getting at. First there is the case of isotopes 
Our assumption is that nuclei are made up exclusively 
of protons (mass 1, charge 1) and neutrons (mass |, 
charge 0); this implies that the possible isotopes of 8 
particular element constitute a sequence of equal steps 
their nuclei being zzade up of Z protons and a certall 


5See O. OtpenBerRG, “Introduction to Atomic Physics,” 
McGraw-Hill Book Co., Inc., New York, 1949, p. 198. 
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number of neutrons. Our knowledge of atomic nuclei 
js still very incomplete, but we are beginning to learn 
something of what combinations of numbers of protons 
and neutrons best fit together. 

A second example is that of the spectroscopic series. 
The confusion of lines in the spectrum of an element 
seemed for decades to defy rational description, and it 
was a great thrill to spectroscopists when Balmer in 1885 
first gave his formula for the emission spectrum of 
hydrogen. It is well known how Balmer’s formula was 
added to by many other workers, such as Rydberg, 
Lyman, Paschen, and how we now interpret radiation 
laws of this type as being due to electrons falling from 
one energy level down to a lower one, the energies of the 
different possible levels forming one or several sequences. 

It should now be clear what the various laws we 
have considered have in common. The electronic 
shells of the chemical elements are built of discrete, 
identical electrons. A crystal consists of a definite 
structure repeated at regular intervals. Atomic nuclei 
are built of identical protons and identical neutrons. 
The energy levels in Bohr’s elementary theory are such 
that the angular momentum of the revolving electron 
increases by equal steps. Summing up, experience 
has led us to the conclusion that these four phenomena 
—and several others which could be mentioned—are 
atomic. The relevant physical variable does not vary 
continuously: it can only vary in jumps. 

The field of natural science where atomicity was 
first demonstrated is of course chemistry. The French 
chemist Proust recognized the law of constant propor- 
tions in 1797, and expressed himself as follows 


We must recognize an invisible hand which holds the balance 
in the formation of compounds. A compound is a substance to 
which Nature assigns fixed ratios, it is, in short, a being which 
Nature never creates other than balance in hand, pondere et 
mensura. 


We find here what is typical of every atomic theory, 
in whatever field: a principle of exclusion. Proust’s 
contention was by no means easy to prove, and his 
controversy with Berthollet is clearly and entertainingly 
presented by both J. R. Partington and L. K. Nash. 
Of course if we believe in Dalton’s atomic theory (1808), 
the law of constant proportions, and that of multiple 
proportions as well, follow as simple corollaries. 

_ In the study of crystals, Abbé R. J. Haiiy discovered 
in 1784 a law of simple ratios connecting the inter- 
sections of a crystal face with the edges of an imagined 
primitive crystal form. This is of course analogous to 
the chemical law of multiple proportions. Thus were 
the integers: 1, 2, 3, ete., introduced in chemistry and 
trystallography. When integers appeared in Balmer’s 
pirical law for the hydrogen spectrum, and then 
again in the Lyman and Paschen series, it was a settled 
conclusion that an atom of something or other would 
have to be brought in to account for this circumstance. 
The quantity which turned out to be made of atoms, 


*Partineton, J. R., “A Short History of Chemistry,” Mac- 
nillan and Co., London, 1948, p. 153. 


“action,” was not popular with physicists, although it 
figured in analytical dynamics since the eighteenth cen- 
tury, and so had to be rediscovered by Planck and Ein- 
stein. 

A universe built of atoms, and one made of con- 
tinuous matter, call for different ways of thinking. 
Essentially this is beeause the result of an enumeration 
must always be a whole number. For instance, Planck 
has remarked that if there are five apples lying on a 
table, the ratio of the sides of the table will depend upon 
the velocity of the observer with regard to the table, 
but the observer will always see 5 apples, never 4.99, 
even if he is traveling very fast. Similarly when we 
determine the molecular weight of an element or of a 
previously analyzed compound by means of one of 
Raoult’s laws we pay no attention to decimals. We 
decide for instance that the molecule of iodine is I», 
because it could not be I;.s or I:.;, as the experiment may 
have indicated. This is quite in opposition to our 
respect for decimals in the measurement of a con- 
tinuous physical quantity. 

A fundamental difference between an atomic universe 
and a continuous one is then that exact and complete 
knowledge of a certain limited field may be obtained in 
the atomic case, but not in the continuous one. This 
however should not be interpreted in the sense of a 
final or absolute knowledge. The distinction I mean 
is the following. We know for sure all of the first 98 
chemical elements; this is based on a knowledge of the 
atom’s electrons only; the knowledge of the nucleus, 
and hence of the isotopes, is a further problem whose 
solution cannot upset the previous enumeration of the 
electrons. The 32 crystal classes, forming a complete 
set, were known long before the 230 space groups which 
they contain were enumerated. Again, the sequence of 
spectroscopic lines defined by Balmer’s formula corre- 
sponds both to observation at a low level of separation 
and to an analysis which likens the single electron to a 
small revolving planet; more complicated formulas 
correspond to fine-structure lines, to the splitting of 
energy levels, and to the analysis of more complicated 
atomic models. Thus to the complete knowledge of 
the properties of a simple model consisting of atoms or 
particles may later be added the study of another 
model of the same physical system, having a greater 
number of parameters or degrees of freedom. But the 
fact that in an atomic world, our knowledge of a certain 
subject, say crystal shapes or chemical properties of 
elements, can be complete on a certain level, is the new 
scientific pattern to which I have wished to draw 
attention. 

It may well be that as a chemist the reader may not 
think this remark so novel. After all chemists have 
been dealing with atoms for more than 150 years. Yet 
I don’t remember the point being made in the many 
presentations of the philosophy of science which have 
come out in recent years. I believe this is because 
physical science has dealt with continuous variables 
from 1600 to 1900, and that many scientists are not yet 
thoroughly at home in an atomic universe. 
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To the Editor: 

On page 375 of the July, 1951, issue of the JourNAL 
oF CHEMICAL Epucation, Engelhart exhibits a fine ex- 
ample of one of the most common pitfalls encountered 
in constructing a so-called “objective” examination. 
It is stated that each item is to have one correct answer, 
but only one. In three items listed (187, 188, 189) two 
items have two possible answers, and one item has no 
correct matching answer listed. 

“Tonize” obviously means to form ions. Therefore if 
a neutral atom gains electrons, it has formed an ion, in 
addition to its being reduced. Therefore item 187 may 
be answered correctly by either B (ionization) or E 
(reduction). 

For the same reason, a neutral atom which loses one 
or more electrons has formed an ion (ionized) in addi- 
tion to being oxidized. Therefore item 189 can be 
correctly answered by two of the listed answers, B 
(ionization) as well as by D (reduction). 

The statement of these two items indicates that the 
author has employed the very common, but nonetheless 
fallacious, definition that all oxidations are loss of elec- 
trons. Loss of one or more electrons is certainly oxida- 
tion, but such a reaction is only one of several means by 
which a substance may be oxidized. Oxidation may 
take place by four different means: 

(1) Loss of electrons by complete transfer (electro- 
valent bond formation). 

(2) Mutual sharing of electrons (covalent bond 
formation) in which there is no transfer of electrons. 

(3) Covalent bond formation in which there is no 


complete transfer of electrons, but a decrease in electron 
density of the atom oxidized. 

(4) Covalent bond formation in which there is ap 
increase in electron density of the atom oxidized. 

The reader is referred to C. A. VANDERWERr, J, 
Cuem. Epuc., 25, 547 (1948) for a lucid and rational 
explanation of the role of electrons in redox reactions, 
and for examples of oxidation by each of the four means 
listed above. In this excellent article will also be 
found examples of increase or decrease in electron 
density, without redox. 

Item 188 has no correct answer listed in the possible 
choices. Ions of a salt are not “united” either in water 
solution or in the dry crystalline solid. Therefore item 
188 is not correctly answered by response C, but re 
quires a fifth choice, F, ‘none of the above,” or “non- 
sense.” 

Why should a 1951 publication adhere to an 18% 
concept of “molecules” of a salt in which ions ar 
“united”? 

J. C. Hackney 


INDIANA UNIVERSITY 
East CuicaGo, INDIANA 


To the Editor: 

The use of ferroxyl gels to demonstrate the corrosion 
of iron has been given by Meldrum! and by Orr and 
Stafford.? The gels may also be used to show that rust 
is a secondary product of corrosion and that it is formed 
in the superficial layer of moisture and not directly on 
the surface of the iron. The gels are left until rust is 
seen, which is not until a day or so after the Prussian 
blue precipitate has shown that iron has been passing 
into solution in the ferrous state. When the gel is 
split and the nail taken out the nail will be found to be 
quite clean, the rust remaining in the gel. 


L. H. Aneus 
BERKHAMSTED SCHOOL 
BERKHAMSTED, HERTFORDSHIRE 
NGLAND 


1 MELpRuM, W. B., J. Cuem. Epuc., 25, 254 (1948). 
2 Orr, W. L., ayy H. A. Srarrorp, ibid., 27, 202 (1950). 
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e PRINCIPLES OF GENERAL CHEMISTRY 


Stuart R. Brinkley, Associate Professor of Chemistry, Yale Uni- 
versity. Fourth edition. The Macmillan Co., New York, 1951. 
x +703 pp. 178 figs. 46 tables. 16.55 X 24cm. $5. 


Tue fourth edition of this well-known text is very much like the 
earlier editions in selection and order of material, presentation, 
and general make-up. The author’s statement that “it is in- 
tended primarily to provide a thorough background for students 
in the more advanced sections of the course, who plan to continue 
their study of this subject” and also for other “qualified stu- 
dents,” is apparent to one who critically examines the book. 


Since it is not intended that this should be used as a text for the 
average terminal course or in so-called service courses, some 
descriptive material, such as that relating to industrial and or 
ganic chemistry, has been minimized or omitted entirely and the 
fundamental principles are more thoroughly developed. 
The general approach is to base chemical theory on the periodi 
classification and atomic structure, this section of the text having 
been considerably augmented in this edition. One difficulty 
characteristic of this approach, encountered by many teacher 
who wish to integrate laboratory work with the lectures, 18 
period of time early in the course while structures are discus 
for which no corresponding experiments are available. It 8 
minimized in this text by advancing the kinetic theory and 
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jaws to Chapter III and the discussion of oxygen and hydrogen 
to Chapter IV. 

In order to integrate with qualitative analysis during the latter 
part of the year, all theory is considered in the first two-thirds of 
the book, followed by several chapters on metals and then four 
chapters about the most common kinds of salts. The last chap- 
ters concern material omitted by many teachers—nuclear reac- 
tions and a brief discussion of some typical organic reactions. 

A controversial feature of the text is the very early description 
of alkali metals and halogens in Chapter VII, as typical examples 
of metals, nonmetals, and their reactions, although the principles 
of oxidation-reduction are not developed until Chapter XVII, 
almost 200 pages later. 

A section at the back of the book preceding the appendix is 
devoted to a considerable number of extra problems, no answers 
being given. 

The author has made a clear and understandable presentation 
of material. Included are a reasonable number of appropriate 
illustrations, each clearly referred to in the text. The book is 
printed in clear type on good quality paper and is attractively 
bound. 


\ 
FRED C. FREYTAG 
Untversiry of WYOMING 
LaRaMIE, WYOMING 


* AMINO ACIDS AND PROTEINS 


Edited by David M. Greenberg, Professor of Biochemis- 
try, University of California, Berkeley. Charles C. Thomas, 
Springfield, Illinois, 1951. ix + 950 pp. 79 figs. 76 tables. 
165 X 26.5cm. $15. 


Tue editor and 18 contributors have produced in this volume 
an up-to-date and detailed treatise on many phases of the chem- 
istry and biochemistry of the proteins and their constituent amino 
acids. The book is a successor to the well-known volume on the 
same subject edited by C. L. A. Schmidt in 1938. However, the 
present book devotes more attention to the biochemical aspects 
of amino acids and proteins as well as recording the advances in 
protein chemistry during the last 13 years. 

The early part consists of chapters concerned with the proper- 
ties of amino acids (E. E. Howe), methods for their determination 
(Oleott) and preparation (Archer), including the synthesis of 
labeled amino acids (Reid and Tolbert). A chapter on the isola- 
tion of amino acids is contributed by Dunn and Rockland. Con- 
sideration of proteins follows in which classification, purification, 
and isolation (Fevold), molecular size (Lundgren and Ward), 
amphoteric properties (Greenberg), criteria of purity (Li) and 
chemical reactions of proteins (Fraenkel-Conrat) are reviewed in 
detail. The last 300 pages are devoted to the nutritional (Alm- 
quist) and biochemical applications (Greenberg) of proteins and 
amino aeids and their metabolism (Tarver). This part includes a 
chapter on the chemistry of antibodies by Campbell and Lanni. 

It is surprising that no chapter is devoted to nucleoproteins. 
With the exception of a brief discussion of viruses, nucleoproteins 
are hardly mentioned. Enzymes are not considered in detail. 
The editor states (page 723) “‘. . . they (enzymes) are too numer- 
ous to be considered adequately without unduly lengthening the 
a. It is felt that they should be discussed in a separate 

The extent to which detail of analytical or preparatory pro- 
cedures are included varies considerably from author to author. 
The use of the Tiselius electrophoresis apparatus, the ultracen 
trifuge and sedimentation analysis are fully described. Stepwise 

tions are given for the crystallization of a number of proteins. 
The techniques for acetylation of amino groups, methylation of 
carboxyl groups, iodination of phenolic groups also are described 
in detail. Many readers would like to see the same detail with 
mspect to chromatographic methods that have received so much 
attention in recent years in the analysis and separation of amino 
acids. But for such detail he must turn to the references. In- 
deed one of the outstanding features of this book is the very 
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extensive bibliography at the end of each chapter. This will 
greatly enhance the value of the volume for the research worker. 

It is inevitable that some duplication will occur when a number 
of authors collaborate, and here one finds the Tiselius apparatus 
twice described in detail. 

The format of the book is excellent and it seems to have been 
carefully proofread to eliminate typographical errors. The only 
such noted by this reviewer were on pages 243, 500, and 893. 

One has in this volume a valuable summary of our present 
knowledge of proteins and amino acids, including an immense 
amount of information on physical and chemical properties as 
well as methodology and function. It should be of great value 
to serious students and workers in the vast field of protein chem- 
istry. 


F A, CAJORI 


University or Cotorapo or MEDICINE 
Denver, Cotorapo 


a AIDS TO ORGANIC CHEMISTRY 


Stanley F. Smith. Third edition, revised by Jan Leslie, Lecturer 
in the Department of Chemistry and Biochemistry, St. Thomas’ 
Hospital Medical School, London. Bailliere, Tindall and Cox, 
London, 1948. viii +127pp. 10.5 x16.5cm. $1.50. 


Tuts booklet can be considered a very abbreviated counterpart 
of the outline or college series found in most college book stores. 
It was written to give biochemistry students a review of organic 
compounds and basic reactions. In 35 chapters all common 
series are reviewed. Briefly the organization is: (a) a few words 
about the class of compounds, (b) some methods of preparation, 
(c) a few properties and/or reactions. The last chapter con- 
sisting of five pages, is devoted to “practical tests” giving two to 
six qualitative tests for seven elements and 26 compounds. Fol- 
lowing the index is a four unpaged list of books in the “Students’ 
Aids Series.” 

Throughout structural formulas are stressed. In spite of some 
fairly good sections, the briefness of this book casts doubt on its 
usefulness. In the authors’ attempt “to give just the information 
that is necessary to the understanding of biochemistry,” much 
essential information is eliminated. Catalysts are practically 
never mentioned, and many reactions, as written, are not cor- 
rect because qualifying statements are missing. We learn that 
iodobenzene cannot be made directly from iodine and benzene. 
This is, of course, correct if concentrated nitric acid is omitted, 
but we also learn that nitric acid and benzene give nitroben- 
zene—concentrated sulfuric acid is not mentioned. The re- 
viewer found himself taking issue with statement after statement 
on page after page. Hence, he feels that since the disadvantages 
of this book so outweigh the good points it cannot be recom- 
mended even as a brush-up text. 


ARTHUR FURST 
University or San Francisco 
San Francisco, CALIFORNIA 


+ PRINCIPLES OF PHASE EQUILIBRIA 


F. E. W. Wetmore, Associate Professor of Chemistry, University 
of Toronto, and D. J. LeRoy, Professor of Chemistry, University 
of Toronto. McGraw-Hill Book Co., Inc., New York, 1951. x + 
200 pp. 124 figs. 13tables. 16 X 24cm. $3.50. 


Tuts book is designed as a text for a graduate or advanced 
undergraduate course in phase-rule studies. The actual systems 
discussed are well chosen to illustrate the points in question, and 
the number of systems is kept to the minimum necessary for 
illustrative purposes. No references to the original literature are 


given. 
Although a thermodynamic derivation of the phase rule and a 
brief discussion of free-energy-composition curves are given in 
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appendixes the approach throughout the body of the text is 
empirical. It is shown at the start that the phase rule can be 
deduced from laboratory experience alone; that is, that in every 
case the sum of the number of phases and degrees of freedom is 
two more than the number of components, where pressure and 
temperature are the only variables, other than composition, which 
affect the equilibrium. 

After a few of the usual one-component systems are discussed 
briefly, two-component systems are introduced with a detailed 
analysis of the system sodium sulfate-water. This system is well 
suited to such a discussion, since a great variety of phenomena 
can be illustrated by this one pair of substances. Following this 
appear discussions of various two-component systems, separated 
into systems where the composition of only one phase can vary 
(only one solution), and systems involving two phases of variable 
composition (two solutions). Here, and throughout the book, 
considerable attention is paid to the relative amounts of different 
phases, as determined by the “proportioning rule.” 
Three-component systems are introduced by a brief discussion 
of representation with triangular diagrams—equilateral, isosceles 
right-angled, and irregular—followed by a detailed discussion of 
the system sodium sulfate—magnesium sulfate-water. Although 
most of this is devoted to isothermal isobaric conditions, a brief 
introduction is given to the problem of indicating variable tem- 
perature. Various additional types of phenomena encountered in 
the isothermal isobaric study of three-component systems are 
next presented, including a very brief treatment of solid solu- 
tions. The authors have been successful in illustrating a wide 
variety of types of phenomena with a comparatively smal] num- 
ber of systems. 

Many of the phenomena illustrated up to this point in the book 
might have been encountered (although in less detail and on a 
more elementary level) by students in beginning physical chem- 
istry courses. The next two chapters, however, are distinctly 
advanced. The first of these chapters describes a number of 
types of projections of solid diagrams for three-component sys- 
tems, necessary where temperature must be indicated as a vari- 
able. The second, the last chapter in the book, deals with four- 
component systems. Neither of these chapters is easy reading, 
but both are well done and are worth the effort of concentrated 
study. 

Although a careful reading of this book would be worth while 
for most chemists, it should find its principal value as a text to be 
studied and discussed by students, with the assistance of a good 
teacher, in a course in graduate school. 


WILLIAM E. CADBURY, JR. 


Haverrorp Couiece 
HAvVERFORD, PENNSYLVANIA 


e OPTICAL CRYSTALLOGRAPHY 


Ernest E. Wahlstrom, Department of Geology and Mineralogy, 
University of Colorado. Second edition. John Wiley & Sons, 
Inc., New York, 1951. 247 pp. 217 figs. 15.5 X 23.5 cm. 
$4.50. 


Tue first edition of this book was noteworthy for its detailed 
derivations of the various ray and wave surfaces and indicatrices 
of crystal optics. In the present volume this material is further 
elucidated by original diagrams in which wave motions or geo- 
metrical and optical symmetry are represented in clinographic 
projection. The construction of such exacting drawings is no 
mean feat, and they should be of considerable aid in visualizing 
what is inherently a three-dimensional subject. In this connec- 
tion, the author would certainly agree with the plaint of all 
writers on crystals, “if only models could go with the printed 
page,” but he has surpassed other writers in expressing spatial 
relationships by drawings. Clinographic projection, however, 
cannot take the place of orthographic drawings, which correspond 
better with the usual attempts of crystallographers to make ob- 
servations on “principal views.” The latter permit direct scale 
representation of angles and other data, and also give invaluable 
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drill in visualizations of how exhibited properties change continu. 
ously as a crystal is rotated about various axes. For the small 
crystals (as opposed to thin sections) that chemists deal with, 
such practice is a useful substitute for universal stage methods, 
only qualitatively and very briefly discussed by the author. 

The designations of refractive indices have been changed in 
this edition to nz, no, nx, ny, and nz, instead of the usual Greek 
letters, which the authors considers too easily confused with the 
symbols a, 8, and y commonly used for interaxial angles. (This 
reviewer does not agree. ) 

In view of the elaborate treatment of crystal optics, it is sur 
prising to find “plane of polarization’ used mostly, when “plane 
of vibration” (90° to the actual plane of polarization) is meant. 
The special optics of polarizing microscopes gets hardly as much 
space as refractometers. Abnormal polarization colors and dis- 
persed birefringence of uniaxial crystals are inadequately dis- 
cussed. 

One would like to find more specific and explanatory directions 
(in terms of actual stages of manipulation and corresponding 
observed appearances) for the determination of optical constants 
and orientation of various specific examples of problematical 
crystals. This need not be any more elementary than much of 
the material on lenses and the nature of light, and it would be 
helpful to those who are attempting to use the book without 
classroom instruction. In spite of its logical nature, optical 
crystallography almost demands direct teaching and argument, 
but chemists who need to use it rarely have such training, and 
for them the book as it stands would serve best as a supplement to 
others in the same field. 


Cc. W. MASON 
Cornett UNIVERSITY 
IrHaca, New York 
& SOYBEANS AND SOYBEAN PRODUCTS. VOLUMEI 


Edited by Klare S. Markley. Interscience Publishers, Inc., 
New York, 1951. xvii + 605 (541-1145) pp. 88 figs. 81 tables. 
l plate. 15.5 23.5cm. 


Tue closing chapter in Volume [ of this work is devoted to the 
mechanical processing of soybeans, including the mechanical re- 
moval of the oil. The first chapter of Volume II is devoted to the 
removal of the oil from soybeans by means of volatile solvents. 

The processes are described in detail but deal ‘primarily with 
the present-day aspects of the continuous extraction process a8 
applied to soybeans... .” Here is described the character of 
the various solvents used, as well as necessary precautions to be 
taken because of explosive and fire hazards. Various types of 
extractors are described and are well illustrated by diagrammatie 
and photographic reproductions and also by several flow dia- 
grams. That chapter should be as interesting to the chemical 
engineer as to the chemist. 

The chapter on production and utilization of soybean lecithin 
makes fascinating as well as instructive reading. The author 
states: “At first no uses could be found for this material... With- 
in a short space of 20 years thousands of industrial applications 
have been found.” He also gives reference to the use of that ma 
terial in various types of foods, in pharmaceuticals, and also insolely 
industrial products. The author gives in minute detail several of 
his unpublished methods for the rapid determination of pho* 
phorous in lecithin, one a volumetric method using urany! nitrate 
solution for the titration; the others are semimicro methods, one 
colorimetric, the other spectrophotometric. 

The chapter on the processing of soybean oil will be of interest 
to the chemical engineer, particularly that portion pertaining ® 
hydrogenation. The chapter on nutritional value of soybeans 
soybean products is of biochemical interest but deals principally 
with the fat component of the soybean. The chapter on soybeat 
oil by-products describes the chemical structure of soybeal 
sterols as well as the preparation of steroidal hormones. A fe# 
pages are devoted to the unusual preparation of soybeans for food 
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by the housewife. Soybean sauce is an antique product. The 
author assumes that it has been used by the Chinese for more than 
3000 years. In China its production is largely confined to the 
household, but in the U. S. A. has been transferred almost en- 
tirely to the factory. Abstracts of the various methods of manu- 
facturing the product are given, one in great detail. A table of 
replies from 45 State Agricultural Experiment Stations gives the 
recommended varieties suitable for growing for household pur- 
poses, yet it would appear that only a very slight portion of the 
soybean crop is raised in the kitchen gardens of the U.S. A. Al- 
though this book is definitely not intended to be used as a cook- 
book by the housewife, yet a number of pages are devoted to home 
processing of green soybeans. Through the courtesy of the Illinois 
Agricultural Experiment Station a three-color plate shows three 
varieties of soybean pods and soybeans, one at the beginning of 
the edible period and the other two when in prime edible condition 
with a yellowish green color of the pods. The beans are also 
shown before and after cooking, which develops the green color. 
There is a very beautiful monochrome halftone figure showing 
mung beans and four varieties of soybeans in the dry condition, 
after soaking and after sprouting. Minute directions are given 
for carrying out that process, as well as for the preparation of the 
sprouted beans for the table. 


HERMANN C. LYTHGOE 
NEWTONVILLE, MASSACHUSETTS 


* GENERAL CHEMISTRY FOR COLLEGES 


B. Smith Hopkins, Professor of Inorganic Chemistry, Emeritus, 
and John C. Bailar, Jr., Professor of Chemistry, University of 


Ilinois. Fourth edition. D. C. Heath and Co., Boston, 1951. 
ss a 694 pp. 290 figs. 75 tables. 1 plate. 17 X 24 cm. 


Tue fourth edition of this popular textbook is written in the 
same pleasing narrative style of the previous editions. The book 
has been enlarged, retaining the same rigorous treatment of con- 
cepts. The increase in size is due to the breakdown of chapters 
appearing in the earlier editions into several new chapters, four 
of which are: (1) The Periodic System, (2) Measurements, Ele- 
ments, Compounds, (3) Colloid Chemistry, and (4) Chemical 
Equations. The early introduction of the periodic system, 
atomic structure, and valence gives an excellent foundation for 
later discussions. The latter half of the book, covering princi- 
pally the metals, is little changed from the third edition, except to 
bring production figures of compounds up to date. 

An attractive feature is the historical references leading to the 
discovery of the elements, which brings out the human side of 
chemistry. The inclusion of pictures of common pieces of 
laboratory apparatus, as well as a good choice of pictures showing 
industrial processes, is an excellent feature. As with previous 
editions, it is bascially a “principles” book with many practical 
applications. The greater emphasis on the long form of the 
Periodic table is a welcome departure from previous editions. 
Atomic and ionic radii are given in table form with other con- 
stants of the elements. Greater emphasis could have been placed 
on these constants throughout the book. The approach to the 
solution of problems is quite different from that found in previous 
editions. Quoting from the preface: “Formulas by which the 
mathematical problems may be solved have been omitted almost 
tntirely, because it is thought that if the student understands the 
Principles which are involved, he will have no trouble in working 
ample problems.” Unit and factor methods have replaced pro- 
portion as such in the solution of chemical problems. An ade- 
quate number of examples of problems is given. Boldface type 
used in place of italics as in previous editions, to stress words 
and sentences. Illustrations of apparatus are partially offset on 
the vertical margins of the pages. 

The approach to the study of the elements by starting with 
oxygen is very nicely developed. The book has eliminated excess 

busy-work”’ in the exercises, particularly as concerns the inter- 


conversion of English and metric units, and centigrade and 
Fahrenheit temperatures. The treatment of silicic acid and the 
natural silicates is excellent. Some of the diagrams on pages 44 
and 45 would have been more meaningful had all the orbits been 
shown. It would have been an excellent opportunity to differ- 
entiate between atomic and ionic size. No mention is made of 
the use of silver iodide in the production of rain. The inclusion 
of a diagram in the discussion of ore flotation on page 139 would 
have helped the student. The equation on page 243 could give 
the student an erroneous idea concerning the ionization of HCl. 
The expression “inactive ion pairs,” above the equation, is excel- 
lent. 

The book is free from errors and meets the objectives set up by 
the authors. It should prove to be a stimulating text to both the 
student and the teacher. ' 


PAUL R. FREY and C. G. H. JOHNSON 


Cotorapvo A & M 
Fort Coiiins, COLORADO 


* MATHEMATICS, QUEEN AND SERVANT OF SCIENCE 


Eric Temple Bell, Professor of Mathematics, California Institute 
of Technology. McGraw-Hill Book Co., Inc., New York, 1951. 
xx + 437 pp. 36figs. 14 X 2lcm. $5. 


Tuts book accurately describes, in a most entertaining manner, 
a number of areas of pure and applied mathematics, and names 
some men who have pioneered them. It is self-contained, and 
will be much enjoyed by many professional and business people 
who have never met mathematics beyond the elementary courses, 
as well as by mathematicians at all levels. 

Those who know Professor Bell realize that he tells a very color- 
ful, even salty, story. (Under the pseudonym John Taine he is a 
successful writer of science fiction.) The author’s flair for narrat- 
ing a yarn is naturally backed up by far more knowledge of mathe- 
matics than one expects in a popular expositor. This excess 
background leaves the author free to be confident, and occasion- 
ally even cocky. 

In the preface we learn that the book is an integration, re- 
vision, and ‘very considerable amplification” of two of the 
author’s many popular books, ‘“The Queen of the Sciences,”’ 1931, 
and “The Handmaiden of the Sciences,’’ 1937 (both published by 
the Williams & Wilkins Company, but out of print). The 
greater part of the new book is devoted to clearly introducing a 
number of fields of mathematics and its applications. There are 
references to some 200 mathematicians from the sixth century 
B.c. to the present, but admittedly no attempt is made for his- 
torical completeness. The material is presented at a leisurely 
pace, livened by gay verbal illustrations, speculations, frank 
appraisals, pauses to survey progress, and some flights of fancy 
(e. g., see page 4 on automatic computers). 

The reader who skips the mathematical technicalities will find 
good reading in the author’s refreshing comments about mathe- 
matics and its practitioners. For example, in thinking of courses 
for a sixteen-year-old, he observes (page 11) that “it does seem to 
some modern minds that Newton and Leibniz were more inspiring 
leaders than Julius Caesar and his unimaginative lieutenant Titus 
Labienus.”” In a general blast at educational testers, we read 
(page 381) that ‘mathematicians are not, as a rule, credulous; 
their clients almost invariably are.”” The author reveals his 
perspective by stating (page 311) that ‘mathematics is but one 
of several expedients resorted to by scientists, and in many in- 
stances one of the less important. Scientists have checks on 
their work that no mathematician can ever have.” 

Of the 20 chapters, 13 deal with topics in pure mathematics, 
namely: spirit of modern mathematics, nature of mathematical 
truth, postulate systems, our number system, abstract algebra, 
invariance as the basis of geometry, analytic geometry, abstract 
geometry and topology, groups, noneuclidean geometry, number 
theory, infinity, mathematical existence, and consistency. Seven 
chapters deal with topics in applied mathematics, namely: 
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practicality of abstract thought, astronomy, continuity in science, 
uses of calculus, calculus of variations and complex functions, 
Fourier analysis, probability. The book includes a good index, 
a list of the mathematicians cited, and 36 line drawings. 

On the adverse side, sensitive readers may object to Professor 
Bell’s broad brush and self-confident style. (I didn’t.) There 
are a number of minor typographical slips, and Figure 19 is a 
poorly drawn hyperbola. 


GEORGE E. FORSYTHE 


Natrona Bureau or STANDARDS 
Les ANGELES, CALIFORNIA 


+ SAFETY IN THE CHEMICAL LABORATORY 


H. A. J. Pieters, Head of the Chemical Works Safety Department 
of the Netherlands State Mines, and J. W. Creyghton, Head of 
the Medical Department of the Joint Netherlands Coal Mines. 
Academic Press, Inc., New York, 1951. xii + 258pp. 58 tables. 
50 figs. 14.5 X 22.5cm. $3.50. 


For the first time in the English language, we now have a book 
dealing with the problems of safety in the chemical laboratory. 
Unfortunately, the authors have given the book an industrial 
hygiene instead of a safety flavor. This approach may enhance 
the appeal to collegiate levels, but definitely makes it less valuable 
to industrial chemists where medical and industrial hygiene as- 
pects are usually well controlled. It is likewise noteworthy that 
the viewpoint is mainly Eurpoean, although considerable refer- 
ence to the American literature is given in the extensive bibliog- 
raphy. 

The major sections deal with toxic substances, their mode of 
entry into the body, and their analytical determination in the air. 
Less completely developed are discussions involving glassware, 
electrical, fire, and explosion hazards, compressed gases, safety 
instructions and regulations. Although the book contains only 
a few photographs, it has many excellent sketches showing de- 
tails of equipment. The numerous tables, mostly dealing with 
various aspects of toxic substances and recommended first aid, 
complete the volume. 

The book will serve to introduce young chemists to industrial 
hygiene concepts, and perhaps impress them with some funda- 
mental safety problems. It will not prove as valuable to ex- 
perienced chemists, however, since its emphasis is on substances 
which are already well-documented. As a milestone in the litera- 
ture of chemical accident prevention, the volume deserves a place 
on the reference shelf of college and industrial chemical libraries, 
as well as industrial hygiene centers. 


HOWARD H. FAWCETT 
Genera. Evectric Company 
Scuenectapy, New 


® THE ACRIDINES 


Adrien Albert, Professor of Medical Chemistry, The Australian 
National University, Canberra, and Honorary Lecturer in the 
Biochemistry Department, University College, London. Edward 
Arnold & Co., London, 1951. xiii+ 38lpp. 32figs. 99 tables. 
19.5 X 25.5cm. $14. ; 


Tue genius of Albert fluoresces with the lively enthusiasm and 
scholarship of one who has handled acridines in the laboratory. 
This monograph attempts ‘‘to make a critical and orderly sum- 
mary of the physical, chemical, and biological data scattered 
through the extensive literature and to draw attention to the 
inter-relation of certain of these properties.” The first eight 
chapters are concerned with the methods available for synthesis, 
and these have been classified and graded as to practical utility 
and scope. The general principles underlying the success or fail- 
ure of the various reactions have, where know, been brought to the 
fore. It is hoped that considerations of these fundamentals will 
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save valuable time and material when acridines are being made 
for the first time. A number of typical preparations have beep 
included, and all of these have been tested by the author and his 
colleagues. 

The middle third of the book is devoted to a presentation of the 
physical and chemical properties of acridine and its principal de. 
rivatives. Considerations of space have prevented every known 
compound from being mentioned by name, but most acridine 
containing not more than two types of substituents have been 
listed. The dependence of properties on electronic distribution 
has been emphasized and this should help the prediction of the 
properties of acridines not yet know. 

The last third of the book deals with the biological properties 
and the medical and other uses of acridines. 

Less well-known uses of the acridines include the isolation and 
identification of biological material and the analytical determing. 
tion of traces of heavy metals. Their outstanding fluorescence 
properties have made them useful as indicators for the titration of 
dark-colored solutions under ultraviolet light and as stains in 
fluorescence microscopy. Acridine figures prominently among 
the very few chemicals known to have the property of emitting 
cold light. 

The broad interests and pleasing style of the author will appeal 
to the growing audience of workers engaged in heterocyclic chen- 
istry. Readers of this book will find it a fertile source of ideas for 
the further development and extension of research problems in 
this important and interesting subject. 


GEORGE HOLMES RICHTER 
Tue Rice Insrirure 
Houston, Texas 


* THE CHEMISTRY OF HYDRAZINE 


L. F. Audrieth, Professor of Chemistry, University of Illinois, 
and Betty Ackerson Ogg, Research Associate, University of 
Illinois. John Wiley & Sons, Inc., New York, 195]. xii + 
244 pp. 14.5 KX 22cm. $5. 


INTEREST in this compound has greatly increased in recent 
years since its potential value has become recognized as a fuel 
component in the propulsion of rockets and other devices. Dr. 
Audrieth and Miss Ogg have brought together within the com- 
pass of less than 250 pages a concise and interesting account of 
the chemistry of hydrazine, including its relationships to other 
hydronitrogens, representing, as it does, one of the simpler am- 
mono compounds. The interesting relationships of hydrazine 
to hydrogen peroxide are also referred to from several points of 
view. 

The formation and the preparation of hydrazine, anhydrous 
and in solution, are thoroughly reviewed in Chapters 2 and 3; 
and the following two chapters describe the properties of the an- 
hydrous compound and of its aqueous solutions, respectively. 

A comprehensive survey of the thermodynamics of anhydrous 
hydrazine and its compounds, presented in Chapter 4, constitutes 
a particularly valuable section of the book. 

Chapter 6 deals with the oxidation of hydrazine and its 
catalytic decomposition, and Chapter 7 covers the quantitative 
and qualitative analytical aspects of this substance. The hy- 
drazine salts and coordination compounds are discussed in the 
following two chapters. A consideration of anhydrous hydrazine 
as a solvent and the hydrazine system of compounds in Chapters 
10 and 11, respectively, are especially thought-provoking. The 
book closes with a short chapter on existing and potential uses of 
hydrazine and its compounds. 

Altogether, it may be said that this book represents a compact, 
well-arranged, and authoritative account of the chemistry of this 
valuable substance, the utilization of which is perhaps only be- 
ginning to emerge from obscurity. It will be a welcome addition 
to inorganic chemical literature. 


WALTER C. SCHUMB 
Massacuusetts Institute or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
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Saunders Texts on Chemical Analysis 


Heisig—Semimicro 


QUALITATIVE ANALYSIS 


Now in a thoroughly revised Second Edition, this highly workable 
text meets fully the objectives and needs of an elementary course 
in qualitative analysis. Part I discusses theory, and Part II con- 
siders a systematic analysis of cations and anions. The experimental 
procedures are exceptional: they are carefully planned, clearly worded, 
and closely coordinated with the theoretical discussions. Among nu- 
merous other improvements for this edition, specific directions for 
separating precipitates by centrifuge, as well as by the filter tube 
method, are now included. 


By G. B. Hetstc, Ph.D., Associate Professor of Inorganic Chemistry, University 
of Minnesota. 356 pages, illustrated. $3.50. Second Edition. 


Clark. Nash & Fischer— 


QUANTITATIVE ANALYSIS 


Representing that arrangement of material which, in the authors’ 
experience, has proven beyond any doubl to be the best approach, this 
text is a sure-fire teaching instrument. It is a step-by-step treat- 
ment of the subject—a continuously developing and integrating pres- 
entation of theory, procedure, calculations, problems and applica- 
tions. Actual electron photomicrographs graphically illustrate many of 
the properties of crystalline precipitates; the mechanics of adsorp- 
tion; and the effects of impurities. 


By Georce L. Cuiark, Ph.D., D.Sc., Professor of Chemistry and Head of the 
Division of Analytical Chemistry, University of Illinois; Lronarp K. Nasu, 
Ph.D., Assistant Professor of Chemistry, Harvard University; and Roserr B. 
Fiscuer, Ph.D., Assistant Professor of Chemistry, Indiana University. 448 pages, 
illustrated. $4.25. 


West Washington Square Philadelphia 5 


| 
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From our versatile line of high quality 


PALO LABORATORY STIRRERS 
with COMPLETE Speed Control 


GEAR DRIVE STIRRER 


The heaviest gear drive stirrer of the PALO line, 
incorporating all the features of power, ruggedness 
and durability—with the addition of reduction 
gears giving high torque at low speeds. 


Model 7609C 


‘70. 


Write for 
descriptive 
Bulletin 
4404R. 


@ 1/18 HP motor. 

@ Table-top speed control rheostat. 

© High speed shaft to 5000 RPM. 

@ Low speed shaft to 833 RPM with a 
maximum torque of 3.0 in. Ibs. 

e@ 5/16” true running chuck. 

@ Stainless steel mounting rod. 

@ Can be used with any laboratory support. 

110 volts, AC-DC., 


SEE OUR DISPLAY: 
Booth 669 at the Show. 


Formerly Palo-Myers, Inc. 


DIRECT DRIVE STIRRER Write for 
descriptive 
A direct drive stirrer suitable for Bulletin 
3404R 


the majority of the laboratory's 
stirring operations. An inexpen- 
sive and thoroughly reliable unit 

Rheostat speed control 

®@ 0 to 8000 RPM 

© 1/100 HP 

@ Continuous duty 

® Stainless steel mounting 
rod 


e 4” true running chuck 


@ Can be mounted on any 
laboratory support 


@ 110 volts, AC-DC 


See Your Regular Supply Dealer 
or Write Directly to Us. 


LABORATORY SUPPLIES, 


81 Reade Street, New York 7, N. Y. 


Ine. 


Ji ts Common Sense 


To be able to get the majority of your 


chemical requirements from one source 


is a saving of time and money. 


Also 


The value of chemicals used in a laboratory 


is a small fraction of the overhead. 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street 


New York 10, N. Y. 
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accurac 
arc mo 
nical, p 
commo 
bearing 
fall-aw: 
elimina 
of kniv 


Prove 1 
ment is 
glad to 


N. 


JOURNAL OF CHEMICAL EDUCATION, OCTOBER, 195] Please 


e 
Bs 
Model 1605 
$ 
8 
. 
St 
— 
M 
N 
| P 6 
2 
Ti 
ti 
28 


For accuracy dependable to the 4th place, 

accuracy that endures .. . insist on ABC’s 
are movement beam arrest arms... tech- 
nical, practical, correct. Pivoting about a 
common axis eliminates sliding of stirrup 
bearings which dulls knives. Vertical or 
fall-away arrestment systems do not 
eliminate sliding and consequent dulling 
of knives. 


5 Prove to yourself that ABC’s Are Move- 
ment is better. Any ABC dealer will be 


glad to arrange for a 5-day free trial. 


AMERICAN BALANCE CORP. 


408 POTTER AVE., NEW ROCHELLE, N.Y. 


Type AN-2012 


Write for catalog 


HEAVYWEIGHT  on\ featherweight 


accuracy 


See for yourself at our booth 
at the 23rd Exposition 


18 DA MA WA VA WA 18 08 WB VB WB WB O 


(BC NO F Ne 
mm 


7 


75476 77 78 
SERIES 


si 82 83 84 85 86 


Q 7 Fr Rates“ 
87 


tions, double-duty superscripts. Use 


Now preferred by our best schools. 
Transition, and Rare Earth Elements, shown in black, red, and green. 


handy coupon: 


LAMINAR 
CHART 


of the 


ELEMENTS 
by 
Mast, Wrigley, 
& McCutcheon 


Simulated laminae fundamentally define Representative, 
Built-in electronic configura- 


W.C. Mast 
Box 241, Stow, Ohio 


Please send: [] Wall chart 44 x 56 in., $8. 
Further information. 


SHELLS SUBSHELLS 
X-RAY PRING 
NOTA-/QUANT ¢ 
TION ' 
He 
Lt 2 Li Be 
mM 3 No 4 IAISi P S CIA 
4 K Gr Mp Ee Go Ni Gu Ge As Se Br Kr 
GE By Se Eu Ga To Dy Ho Er Te VB Le 
6 Cs Bolt’ 60 69 67 66 6970 7! 
3 set Hf To Qs IP Pr Au°HgT! Pb Bi Po At Rn 


A. N. Wrigley 


y 
aarl 7134 Cresheim Road, Philadelphia 19, Pa. 


100 Notebook-size, $8. 
Remittance enclosed. 


C] Slide, $4. 
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Teaching 


There is 
students of 
teaching t 
molecules ¢ 
ing. It is 
sists of 12 ‘ 
oxygens, t 
sulfur, 
“atom” 


Methane 
Ethane 
Ethylene 


Within the past few years, the interest International Nickel Company, Inc., Research Laboratory, Bayonne, New Jersey transparen 
in these three gases has increased tre- printed th 


mendously, and the Matheson Com- number of 
pany has been a prime source of supply r " 7 N the numbe 
for users in laboratories and industrial element. 


plants throughout the country. different ¢ 


overlappin 

Methane and Ethylene are available in electrons) 
two grades — CP and Practical. the overlay 
These se 


All gases and all grades are stocked in the indivi 
six different sizes of cylinders for im- accordingl 


mediate delivery from both our East een 
Rutherford and Joliet plants. iia 


informatio 
William K 


handling safer! 


Anew, I 
ing light, 
apparently 
into light : 
in your laboratory analyses? Now Alberene Stone Fincandesce 
through a 
Pure Corporation offers you fume hoods specially de- hail by 


— 


Want to reduce the worry in using perchloric acid 


signed to reduce hazards in working with perchloric fenmit light 


acid... specially designed to give you greater safety. | film of ph 


Oreanic and placed 


And for prompt advice on any of your laboratory | One of the 

light prod 

F ° fume problems write to Alberene Stone Corporation _ fis, in effec 
hemicals 


of Virginia, 419 Fourth Avenue, New York 16, N.Y. | Resin-Tr 


Over’ 2000 ceganic stocked Or better yet—visitournearest Alberene branch office. A Proce 


for immediate delivery. Included are will be ju 
all thefbuilding blocks needed by the ey, be 
chemist in industry, the research labo- ghar 
ratory or the university. FREE REPRINTS & wo resir 
ng fit 

‘ of an article giving helpful hints on after the 1 
The purity of each Matheson organic safe handling of perchloric acid are felt. 
chemical is guaranteed by our strict yours for the asking. Just write today Viecosi 
laboratory controls. on your company letterhead. 

Th “B 
in your write for a copy. viscomete: 

ALBERENE STONE 

Laborator 

setts, Th 

THE MATHESON INC. Branches in Principal Cities What 
EAST RUTHERFORD N J JOLIET } available 
Please m 
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Teaching Device 


There is now available, for teachers and 
students of general chemistry, a device for 
teaching the electronic configuration of 
molecules and the types of covalent bond- 
ing. It is called “At-ONS.” A set con- 
sists of 12 “atoms’’—three hydrogens, four 
oxygens, two nitrogens, and one each of 
sulfur, carbon, and chlorine. Each 
“atom” consists of a 2-in. square of 
transparent sheet plastic, on which is 
printed the symbol of the element and a 
number of dots around the edges equal to 
the number of valence electrons of that 
element. Each element is printed in a 
different color. Bonds are denoted by 
overlapping the squares so that the dots 
(electrons) taking part in the bond are in 
the overlapping areas. 

These sets are intended to be used by 
the individual student and are priced 
accordingly. A large version, with 10-in. 
squares, suitable for lecture demonstra- 
tions, will be available soon. For further 
information, or to obtain the sets, write: 
William K. Viertel, 18 Buck St., Canton, 
New York. 


Electroluminescence 


Anew, revolutionary method of produc- 
ing light, still in the laboratory stage, 
apparently transforms electricity directly 
into light as opposed to light produced by 
ineandescence or the passage of current 
through a gas or vapor. The light is pro- 
duced by a phenomenon known as electro- 
luminescence, in which certain materials 
emit light when placed in a fluctuating 
tlectrie field. The device comprises a 
flm of phosphor dispersed in a dielectric 
and placed between two conducting plates. 
One of the plates is conducting glass so the 
light produced can emerge. The device 
is, in effect, a luminous capacitor. 


Resin-Treated Paper 


A process of treating paper, so that it 
will be just as strong when wet as when 
dry, has recently been developed. It in- 
volves the addition of malamine-formalde- 
hyde resin to the usual cellulosic paper- 
making fibers. The resin is cured by heat 


“9 the material has been formed into a 
felt. 


Viscosity Packet 


The “Brookfield Viscosity Packet,” con- 
taining information about both Brookfield 
‘iscometers and viscosity in general, is 
available from the Brookfield Engineering 
ratories, Inc., Stoughton, Massachu- 
“tts. This packet consists of an eight- 
page catalogue, data sheet, price lists, 
What Users Say” brochure, and list of 
vailable article reprints. 


Count Rate Meters 


Two new count rate meters are available 
from the Atomic Instrument Co., 84 
Massachusetts Avenue, Cambridge 39, 
Massachusetts. 

Model 410, with an accuracy of 2 per 
cent, is widely useful in laboratory radio- 
activity work. In addition to the standard 
geiger probe input, the instrument is suit- 
able for use with an alpha scintillation 
probe. Incorporation of a true Schmitt 
discriminator permits sine wave, square 
wave, and pulse counting without affect- 
ing calibration. 

Model 409, accurate to 5 per cent, is 
ideally suited to applications which are 
considerably less exacting, such as general 
safety work, monitoring, or research pur- 
poses. Its small size (3.75 X 4.75 X 6.75 
in., including chromium-plated steel case) 


A precision, micrometer type, glass tub- 
ing gage has been announced by E. Mach- 
lett & Son, 220 East 23rd Street, New York 
10, New York. This gage embodies a 
micrometer scale with vernier permitting 
inside measurements of tubing, or any type 
of circular opening, from 0.01 to 5 mm. 


Dr. J. Wellington Ringclamp 
has switched to 


SO WHAT?? 


So, now he’s having no trouble 
whatsoever with hungry acids and 
alkalies consuming his laboratory. 
You know the kind, love to make 
a meal of a few ring stands or a 
fume hood. Then, top it off with 
a side dish of galvanized air duct. Their afternoon snack might be just 
a small corner of your lab table. 


Old “J. W.” is a mythical character, but typical of a lot of chemists with 
corrosion troubles who stopped those starving chemicals. He just whipped 
out a can of TYGON PAINT and, in a short time, completely encased 
their assortment of wooden and metallic delicacies in an unpalatable, 
impenetrable coating. 


Fun aside, TYGON Series K PAINT is ideal for protecting lab equip- 
ment. Applies easily. Dries quickly. Forms a smooth, tough, flexible, non- 
aging film. Fully resists acids, alkalies, oils and water. Resists most solvents 
except ketones, esters and certain aromatic hydrocarbons. 

Why don’t you try TYGON PAINT, today? It’s available in a wide 
range of colors and packaged in convenient quart or gallon cans. Your 
favorite laboratory supply house usually carries 
it in stock. 
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U. S. STONEWARE 


Since 1865 + bhvon, Ohéo 


PLASTICS AND SYNTHETICS DIVISION 
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‘You owe it to yourself 
to just once wear a 


FASHION 
LABORATORY 


_... the DuPont development that 
has opened new horizons in appa- 


rel... for both wearer and maker. 


1. ORLON has amazing resistance to 4 
acids and other chemicols . . . as well 4 


as dirt, greases, etc.! 


ORLON hes high resistance to micro- — 


gganisms arid insects! 


ORLON is full bodied .. . yet won- 


derfully light in weight! 


blink! 
ORLON needs no ironing! 


ORLON has exceptional durability . . 
wears and wears! 


ORLON seams stay smooth ond 


straight — no puckering! 
|. ORLON resists wrinkles! 
ORLON white stays white! 


. ORLON disperses perspiration... 


keeps you COOL! 


Saves up to $50 a year on laundry 
and rental costs! 


Ask your uniform dealer. For nome 
of necrest Fashion Seal dealer, 


write: 


OMLON in Wiak, dies ino 


FASHION SEAL UNIFORMS 
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175 FIFTH AVENUE, NEW YORK me 


PROVEN BY 
PERFORMANCE 
The Christian Becker 


MODEL AB-2 


Dial Chainomatic Notched Beam 
Magnetically Damped 


The Model AB-2 has become the most popular laboratory 
analytical balance. Designed for fast analytical weighing 
with high accuracy, it has met the most rigid requirements of 
laboratories throughout the nation. 


Not only does it provide exceptional performance, but its 
radically new design and improved features appeal to those 
who know and use analytical balances. 


The Model AB-2 has a capacity of 200 grams and @ 
sensitivity 1/20 of mg. at full load; pans are stainless steel 
27/16 diameter; straight sided bows are 41/g "wide X 81/9" 
high; black glass base plate floats on a neoprene cushion’ 
balance mechanism is mounted on an independent base 
casting; improved rider carrier equipped with “Target;” 
new sash balance eliminates sash weights and permits greater 
access to the inside; white interior finish and opal glass back 
panel give increased visbility. 


These and other features combine to give you the best in 
analytical balances. 


No. 467-DA Model AB-2 Analytical Balance . . . $449.00 


\The CHEMICAL RUBBER 


2310 SUPERIOR AVE. CLEVELAND 14. Onn; 


SCIENTIFIC EQUIPMENT @ LABORATORY SUPPLE 
ANALYTICAL CHEMICALS 
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akes the instrument especially useful 
here bench space is at a premium. 

Further information on both models is 
ontained in a bulletin obtainable from the 
tomic Instrument Co. 


talogue on Isotopes 


A new catalogue, “Isotopes,” has been 
put out by the Isotopes Division, U. §. 
Atomic Energy Commission, Oak Ridge, 
Tennessee. Besides listing specifications 
and prices, it gives an extensive coverage 
of policies, procedures, and services con- 
nected with radioisotopes. 

The catalogue includes sections on 
health and safety and a new waste disposal 
service, a plan for the procurement of 
radioisotopes, an announcement of « regis- 
try of isotope-labeled compounds, informa- 
tion on the export and import of isotopes, 
anda reprint of the new federal regulations 
governing radioisotopes distribution. 


Miniature Steam Generators 


In line with the current trend toward 
miniaturization in many industrial and 
laboratory processes, Palo Laboratory 
Supplies, Inc., New York, has introduced 
anew miniature automatic steam genera- 
tor designed to be used with any labora- 
tory apparatus for which steam is required. 

The Palo automatic is available in four 
sizes according to capacity required. The 
small size has a water capacity of 2 gal- 
lons, with a 7!/.-inch X 16-inch boiler, 
and weighs 140 Ib. 

The automatic pressure regulator de- 
livers up to 30 lb. Working pressure is 100 
lb. per square inch. Starting with a cold 
boiler, the generator is capable of deliver- 
ing full steam pressure within 20 minutes. 

Made of ASME code heavy welded 
steel, the boiler is U.L. approved. Sub- 
merged heating elements provide excellent 
heat transfer, and rockwool insulation 
keeps the head inside the boiler. 

Full specifications are available upon 
Tequest to Palo Laboratory Supplies, Inc., 
81-83 Reade Street, New York 7, N. Y. 


Experimetrics 


A consulting service for the design, 
analysis, and interpretation of experiments 


l Brushes 


To aid in cleaning small or awkwardly 
> ped pieces of apparatus, the Walter 
Borten Co., Furnace Dock Road, Peeks- 


kill, New York, has made available very 
small brushes which can be adapted or 
modified for a particular requirement. 
Various kinds, lengths, and diameters of 
wire and bristles are used. The manufac- 
turers will submit brushes designed to 
meet specified needs. 


Catalogue of Motion Pictures 


A revised 24-page motion picture cata- 
logue, describing 18 sound motion pictures 
for schools, has been announced by the 
School Service Department of the West- 
inghouse Electric Corporation. 

The films described in the catalogue are 
loaned free except for transportation costs 


and have been chosen for their suitability 
for schoolroom use. They cover subjects 
in the fields of science, home economics, 
industrial arts, social science, agriculture, 
and salesmanship. Many are recom- 
mended for general assembly. The cata- 
logue also describes supplementary ma- 
terial available as teaching aids for use 
with the films. For convenience in order- 
ing the films and supplementary material, 
order blanks are included with each cata- 
logue. 

Teachers can obtain copies of the revised 
catalogue (B-5409) by writing to the 
School Service Department, Westinghouse 
Electric Corporation, 306 Fourth Avenue, 
Box 1017, Pittsburgh 30, Pa. 


4. A. Campbell, President 
5014 S. Center Street « 
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You see it in every piece of Kewaunee laboratory equipment—the 
very finest quality in design, materials, construction and finish. 
Clean, simple, functional design that speeds laboratory work. 
Selected woods, hardware and other materials for lasting service. 
Husky construction with careful workmanship in every detail. 
Handsome, wear-resistant finishes. Kemweld Tops exceptionally 
resistant to water, acids, alkalis and solvents. Top to bottom, inside 
and out, from start to finish—Kewaunee custom quality all the way. 
And it’s all yours at no extra cost. Write for descriptive literature. 


Adrian, Michigan 


| — 
| _== - 
81/9" 
bese fon any scale has been announced by Ex- 
get)" BPerimetrics, Inc., Station I, Buffalo 22, 
eater BNew York. Statistical analysis is applied 
back the experiments, enabling various effects all the way 
and errors to be estimated numerically. oe | 
This and similar techniques, such as corre- 
est in BP 4tion analysis, furnish a way of reducing 
tnwieldy data to a simple, understandable 
form. The techniques can be applied to 
9.00 Bquality control, chemical sampling, and 7 
multivariable problems. 
A free booklet, “Experimetrics,” details 
C0. a benefits and savings which result from 
oul € use of modern statistical methods, and 
. illustrates the techniques involved. 
pa Representatives in 
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OXYGEN BOMB 


Folded 
Filter Papers 


Every stockroom should have ready 
pleated filter papers in a variety of 
sizes always on hand. 


Such papers save time in many 
operations, such as clearing sclutions, 
recovering organic precipitates, in 
filtering pharmaceutical preparations, 
etc. 


WHATMAN Folded Filter Paper 
No. 12 is an excellent all around 
quality. It is retentive enough for 
most work, yet filters fairly rapidly. 


several respects for greater convenience 
and efficiency, can be furnished with 
either single or double valve PARR self- 
sealing oxygen bombs. 


Ve PARR Calorimeters, improved in 


In the larger sizes, and particularly 
when heavy precipitates are en- 
countered, No. 14 Folded Filter Paper 
with parchmentized points is recom- 
mended. 


The Series 1300, plain jacket calorimeter, has 
a non-metallic insulating jacket which holds 
thermal leakage to a minimum. Radiation cor- 
rection must be applied using the procedure 


specified in A.S.T.M. Designation: D271-48. Your dealer has these papers in 


stock or can obtain them for you 
promptly. 


The Series 1200, Adiabatic Calorimeter, re- 
quires no radiation corrections thereby per- 


mitting rapid tests with minimum calculations. w REEVE ANGEL & co INC 


For complete details, ask your 52 Duane Street, New York 7,N. Y. 
PARR Dealer or write direct to 
factory. 
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TOP QUALITY 


At such a Low Price © 


VACUUM OVEN ony $135." 


WITH MANY EXCLUSIVE FEATURES 
NOT FOUND EVEN IN EXPENSIVE OVENS 


*A superb Vacuum Oven. . . particularly useful for 
drying, annealing, and numerous utility 
chores. Model 19A, is the finest development in low 
priced vacuum ovens. It finds many applications in Fo 
Processing and Metallurgical plants. 


COMPLETE VISIBILITY—Provided by a large plate glass 
window, and white enamel interior finish. The window will 
not fog under the most humid conditions. 


NEW RECTANGULAR SHAPE—Aliows more and larger 
samples than cylindrical vacuum ovens. Asbestos door seal 
won't char. 


OPERATES AT BLACK HEAT—Heaters operate at black 
heat, not at incandescence. A long operating life is assured. 
Heat is by radiation, absolutely no chance to damage coils. 


DRIES RAPIDLY—Over twice as fast as comparable ovens. 
The large heater area, employing radiant heat plus ideal 
insulation, combine to produce extra fast drying. 


BEST CONSTRUCTION—The working chamber is formed by 
steel plate %4” thick, seam welded. Glass wool 1%” thick 
surrounds the chamber. 


STANDARD EQUIPMENT—Working Chamber 8” w. x 12” 
d.x 5%” h. Overall Size 12” w.x 16" d.x12”h. For 115 
volts, 60 cycle. 

No. 5942JC, NEW Model 19 A. Vacuum Oven. Thermostat, pilot 
hy sofet latch, cord and plug, two expanded metal shelves, and 0° 
¢. thermometer. Automatic Temperature Control from room 


to igse C. Neutral Green Hammerloid Enamel Finish, acid, alkali - 


A TOP QUALITY VACUUM OVEN 
ORDER TODAY 
XC LABORATORY SUPPLIES AND CHEMICALS 
WILKENS ANDERSON CO. 


4525 DIVISION ST 
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| INSTRUMENT NEWS is an &-page quarterly pub- 
lished in the interests of furthering research, material 
| analysis, and production through modern optical in- 


| strumentation. 


Articles of technical and general 
| interest are prepared by leading workers in the field 
| and the Perkin-Elmer staff. 

| Some of the outstanding articles from the Summer 
| °51 issue are listed below: 


HARVARD METEOR CAMERA 
Baker-Schmidt Optics 


ULTRAVIOLET MICROSPECTROSCOPY 
Article by A. W. Pollister 


| INFRARED BOOSTS PENICILLIN PRODUCTION 
Product Control Story 
| 


Among the subjects in our Fall ’51 issue: 


FLAME PHOTOMETER AIDS ORANGE PRODUCTION 
Soil and Leaf Studies in California 


ELECTROPHORESIS DETERMINES DRUG PURITY 
How Lederle Controls Serum Globulin Production 


PERISCOPE OPTICS 


Introduction to a Little-Known Field 


charge by filling in the coupon below. 


THE PERKIN-ELMER CORPORATION 
NORWALK, CONN. — 


Please send me INSTRUMENT NEWS 
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PURE WATER 


AT LOWEST COST 


BARNSTEAD 


 DEMINERALIZERS 
FOR 


®@ Battery Maintenance @ Optical Mfg. 


Mirror Silvering 


® Anodizing @ Ceramics ®@ Rectifying Liquor 
®@ Boiler Feedwater ®@ Electroplating Coating Solutions 
®@ Plating @ Ore Floatation Aircraft Research 


@ Cosmetics 


@ Coated Paper Mfg. 
®@ Television Tubes 


® Washing Ampules 
@ Pharmaceuticals 


®@ Laboratories 


If you use water in your 
operations, it will pay you 
to find .out how a Barn- 
stead Demineralizer can 
help you. In_ countless 
processes better results are 
obtained, when pure water 
— free from harmful min- 
erals is used. In fact, hun- 
dreds of manufacturers 
have already found that 
they save money, have 
fewer rejects and get a 
better product with Barn- 
stead Demineralized Wa- 
ter. The cost is extremely low — as little as 5c per 1000 gallons. 
Operation is very simple. And with a Barnstead Demineralizer, 
you get the benefit of more than 75 years of specialized experience 
in water purification. Write for Catalog #123. 


THESE FIRMS — AND MANY OTHERS — 
ARE NOW USING BARNSTEAD DEMINERALIZERS 


Air Reduction Sales Co. — American Mirror Works — Haloid 
Corp. — Eitel-McCullough Company — Tung-Sol Lamp Works. 
— Radio 


— Remington-Rand — New England Novelty Co. 
Corporation of America — National 
Bureau of Standards — Wyeth, Inc. — 
General Electric Co. — Polaroid Co. — 
Hercules Powder Co. — Standard Oil 
Development — International Har- 
vester Co. — Pure Oil Company — 
Koppers Co. — Behr-Manning Co. — 
Ford Motor Company — University of 
California — Marquardt Aircraft — 
Sarkes-Tarzian Co. — Dewey & Almy 
— Monsanto Chemical Co. — Virginia 
Mirror Co. — Bassett Mirror Works. 


PROMPT DELIVERIES ON MOST MODELS 
Models from 5 to 1000 gallons per hour 


STILLS 


STERILIZER CO. 


65 Lanesville Terrace, Boston 31, Mass. 


ELECTRONICALLY REGULATED 


MODERATELY 
PRICED 


@ INPUT: 105 to 125 VAC, 50-60 cy 


@ OUTPUT #1: 200 to 325 Volts DC at 
100 ma regulated 

© OUTPUT #2: 6.3 Volts AC CT at 3A 
unregulated 

e@ RIPPLE OUTPUT: Less than 10 milli. 
volts rms 


For complete information write for Bulletin H-8 


LAMBDA ELECTRONIC 


NEW YORK 


od. 
CORONA 


COORS Volcanus 


Combustion Tube 


For economical service in 

industrial laboratories 

Unglazed throughout. _ Thoroughly 
vitrified and impervious to gases. 
Suitable for high om: 
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Coors PORCELAIN COMPANY 


Dyna-Cath performs high speed 
separation of iron in determination 
of aluminum in steel. 


DYNA-CATH 


magnetic mercury cathode 


The Eberbach Dyna-Cath is a new mercury © 
cathode which permits the economical use of 
established procedures and new applications. 
The Dyna-Cath uses a novel magnetic cir- 
cuit which actuates the electrolyte and mer- 
cury as two rotors of a direct current motor, 
creating rapid counter-current stirring at the 
mercury electrolyte interface. Ferromagnetic 
metals formed at the interface are drawn 
beneath the mercury surface, providing a con- 
tinuously clean mercury surface and prevent- 
ing re-solution of deposited metals. Dyna- 
Cath accelerates and does a more complete 
job of mercury cathode separations. Write 
for Bulletin 220-H. 


SCIENTIFIC 
INSTRUMENTS 
€-APPGRATUS 
CORPORATION 


SENSITIVE 1/20 Mg. 
with 


e Solid Aluminum Case 
e Channel Notched Beam 


e Magnetic Damper 
e Chain Device 


The channel notched beam eliminates 


§ 


e Free-Floating Glass Sub-Base 


or precision, ity and accuracy. 
polished mahogany, the case is now made of specially extruded 
solid aluminum, finished in light jeweler’s bronze (lacquered)! 
For routine anal an accuracy of 1/20 mg., the 
model pictured is ‘deal ae pan has a capacity of 200 grams. Style No. 472M 
the need for fractional 
ickly to rest. 


Instead of 


A damper the balance 


4 


ngs and knife are agate. The case (18”h x 16%" wx No. SGA 833 SeKo Analytical Balance, 
a ion ) is fitted with a drawer large enough to accommodate a Model 80, Style 472M, as oom at 
ndard set of weights. It has a counterpoised front door, complete. 


ieee level and leveling screws. Write for new brochure! 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE — 
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0s-S3svesal 


“The Versatile Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For seventeen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 

Processes. 

References 


(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 
(3) 


National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


BUFFER TABLETS 


always fresh, always accurate | 


PRECISE ... Coleman Buffers are accurate, because they are 
always fresh. These dry tablets can't deteriorate and change 
PH as liquids do... Certified Buffer Tabiets are accurate to 
0.02 pH at all times... available from 2.00 pH to 11.80 pH 
in steps of 0.20 pH... each tablet makes 100 ml of buffer, 
CONVENIENT. .. You can store a wide range of Buffer tablets 
in a small space... have fresh, accurate buffer always at hand, 
ECONOMICAL .. . Low initial cost, and freedom from spoilage 
make Coleman Certified Buffer tablets the economical, depend. 
able way to use buffers. 


COLEMAy 


For full details write for Bulletin BB-205 


BAB 
, WWE 


The Life of 
Ina Remsen 


By Frederick H. Getman 


a pleasantly written and inter. 
esting biography of a great chemist.” 


Remsen’s greatest fame was the discovery of the synthess 
of saccharin which was the result of the joint work d 
Fahlberg, a German student working with Remsen and d 
Remsen himself. The way in which Fahiberg succeeded 
in concentrating all the fame on himself and in whid 
he commercialized this invention is told in detail and it d 
serves to be told. It was an unpleasant affair that 
Remsen much trouble even in quarters where he had not & 
pected it, as subsequent difficulties with the editor of te 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servall 
constitute another example of the vicissitudes of an hone 
scientist in local and national politics and they are well told 
Seeing the elaborate bibliography of Remsen’s publicatiow 
appended to this book we have the feeling, even after 


pleasant hours spent in reading it, that most has not beet 
made of the evolution of Remsen’s practical and theoreti 
work as seen against the background of American orgallt 
chemistry of those days. Should anyone later attempts 
write this more elaborate biography he will surely find ts 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQU® 


Order your copy today. $3, postPall 
CHEMICAL EDUCATION PUBLICATION 
EASTON, PA. 
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improved 


TITRATOR STAND 


Efficient  Resgged Neat 


YOUR ACCESSORY FOR ACCURATE 
TITRATION BY ELECTROMETRIC OR 
COLORIMETRIC METHODS 


Completely adjustable . . . re-designed support 
to take electrode holders provided with all ph 
Meters . . . facilitates removal or addition of 
beakers . . . can be used with large tall form 
beakers and Erlenmeyer flasks. 


Silent, motor-driven magnetic stirrer directly 
incorporated in beaker stand. This feature 
permits stand to be used as an electric magnetic 
stirrer when not needed for titrations. 


16 VARICK STREET NEW YORK 13, N. Y. 


Visit us at the Chemical Show, Booth 346, Grand Central 
Palace, Nov. 26 to Dec. 1, 1951. 


SPECIAL OFFER 


/ \ 
NEW rates 


JOURNAL OF 
CHEMICAL EDUCATION 


Despite continually rising costs, the subscrip- 
tion price of the JOURNAL has remained un- 
changed since 1933. On a number of occa- 
sions, when advancing costs made a price rise 
seem necessary, we decided to absorb these 
increases rather than pass them on to our sub- 
scribers. In each instance, action was post- 
poned in the hope that the inflationary trend 
would be reversed. 


With our costs still rising, the Board of Publica- 
tion, at its last meeting, decided it has finally 
become imperative to vote a modest increase in 
subscription rates in order to enable us to give 
our subscribers the same fine JOURNAL to 
which they have become accustomed. 


Effective with the January 1952 issue, subscrip- 
tion rates to the JOURNAL OF CHEMICAL 


EDUCATION will be as follows: 
1 year 2 years 
Domestic and countries in Pan 
American Union............ .50 $6.00 
Other countries............... 4.50 8.00 


Orders for new subscriptions or renewals for one or 
two years will be accepted at the old subscription 
price, if received before December 10, 1951. Such 
renewals will start upon expiration of the present 
subscription, regardless of date. If you wish to take 
advantage of this offer, please use this coupon. 


Journal of Chemical Education 
Easton, Pennsylvania 
For the enclosed $ , Please accept my subscription 


to the JOURNAL OF CHEMICAL EDUCATION for 
years at the old rates, one year: $3.00, two years: $5.00* 


Add: 


Firm or 


Position or title sh 


{-] This is a new subscription [] This is a renewal 


* On Canadian subscriptions, add 50¢ yearly. 
foreign, add $1.00 yearly. 


On 
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Low-Cost Immersion Heaters 
Automatic ... Safe. . . Ready to Use 


A Handy, portable heating device built of acid resistant stainless 
steel. Safety cut-out prevents element from overheating or burn- 
ing out when out of solution. ECONOMICAL . . . All units oper- 
ate on 110 v AC 1000 watts. 9.5 amps. Immersion type thermostat 
integrated in unit guarantees positive temperature control to 
within plus or minus 1 °F. 


Immersion heater installed in 
tank. Can be used as port- 
able stirrer or attached to 
side receptable, as illus- 
trated, by of 

tent clip. This attachment 
is an integral part of unit. 


The familiar C & B trademark is your assurance 


that the product carrying this mark 
by PRICES (1) has been manufactured to meet the standards | 
Yj Vj Heating and specifications stated upon the label | 
Yj Yj X-920 5” $10.95 (2) has passed our specifications prior to packaging | 
Z J y; X-921 8” 1 6.50 and has been rechecked after packaging 
Y; Yj X-922 10” 17.50 (3) is backed by an organization which, for over | 
YY YY ” thirty years, has had as its primary aim the produc- ‘ 
Y %-923 15 18.95 
YY ¢ tion of Laboratory Reagents of the highest purity. 
Prod distri id 
Y Ya x75 48” 32.95 Physician Supply Houses Throughout the World labora 
Y Z 115 v.— AC only Write for copy of our catalog stainle 
THE COLEMAN & BELL CO., Inc., bearin 
ae Apparatus and Chemicals for : Manufacturing Chemists : Norwood, Ohio, U.S.A. are in 


ERAL Industry and Science 


SUPPLY COMPANY 


320 MARKET STREET - PATERSON 3,N_J. - SHERWOOD 2-1123.4 


COLEMAN 


In Order To Serve You More Efficiently— 


we have now consolidated our manufacturing plant, labora- 
tories, sales and executive offices, in one large, modern build- 
ing at 


KEENE, NEW HAMPSHIRE 


where all correspondence, orders, shipments will be handled. 


The selection of this location was due mainly to the ample supply of very pure water for treat- 


ing and processing our analytical filter papers, to the dustfree atmosphere and the clean, reli- has a 
able New England labor. * ti 
dl 
We hope that we shall have the pleasure of serving you from Keene and assure you of our best i 
attention to your individual requirements. 10”. 
Price 


Carl SCHLEICHER & SCHUELL Co. 


Analytical Filter Papers of High Quality—industrial Filter Papers to Meet Ali Requirements of Plant 
Processing Work—Special Papers for Use in Biological Procedures—ultra Filters for the Filtration 
of Colloids, Albumen, Bacteria, Virus—Special Membranes for Dialysis, Osmosis and Osmotic 
Measurements in Molecular Weight Determinations. 


KEENE, NEW HAMPSHIRE 
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ake Sure You're Fully Equipped For Fall Classes 


In the rush that accompanies fall registration, you may have overlooked a few items that 
will add to the safety, convenience, and comfort of your classes. Will has complete stocks 


of each of the items shown, ready for immediate delivery. It will pay you to order today: 


Safety... 
13411T 
Fire Extinguishers 


Convenience ... 


77561 
Laboratory Cart 


cost. Guaranteed for five years, this pressure type 
carbon tetrachloride extinguisher is instantly ready 
and acts quickly. It will neither freeze nor evapo- 
rate. Pack two units to a box. Both units are sup- 
plied with wall brackets for mounting together or 
in separate parts of the laboratory. The container is 
are insulated underneath to deaden noise. Size made of 24-gauge steel with bra zed seams. Con- 

we tains 16 oz. fluid under 115 psi pressure of COs. 
overall, 18” X 30” X 314”. Shelves measure 
173," X97". Price $54.50 Throws stream up to 18 ft. Size 8" X 3”. Price 

— (2 units) $9.95. 


saves miles of walking to and from stock rooms and 
laboratories. Carries 200 lbs. Made entirely of 
stainless steel with riveted joints. The swivel ball- 
bearing casters make it easy to maneuver. Shelves 


| 
| 
| Rogers Twin Unit, assure big protection for small 
| 
| 


Comfort .. . 


25401 
Lab Stool 


Efficiency... 
28121 
Waste Receiver 


SEE OUR EXHIBIT 


can be instantly adjusted to any 
height from 18” to 27” merely 
by lifting the seat. Shaft and 
seat are made of steel with a 
16” cast iron base. Finished in 
neutral gray. Price $11.40. 


has a rubber cushioned cover that closes silently and 
fits tightly—completely sealing in odors. Carrying 
handle folds flat when not in use. Finished in white 
enamel, black base. Capacity 12 qts. Size 20” X 
10”. Furnished with a supply of waxed bag liners. 
Price $18.00. 


TWENTY 
EXPOSITION { 
CHEMICAL 
INDUSTRIES 


We're in Booths 226 and 228 


Wire, write, phone, or teletype Dept. JCE—your nearest 
Will office Warehouse. 


* ATLANTA 3,GA. NEW YORK 12, 
SOUTHERN SCIENTIFIC CO. WILL CORPORATION 


BUFFALO 5, SERVING SCIENCE THROUGH SUPPLY 


BUFFALO APPARATUS CORP. 


ROCHESTER 3, N.Y. WILL Corp, . WILL CORPORATION of 
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Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCT: 


ELECTROPHORESIS APPARATUS ¢ BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


MODEL 1900... for boiling, 
evaporations and general labora- 
@ tory work... 


Ideal unit for a wide variety 
of routine and critical laboratory uses because of 
its wide temperature range, exceptionally close con- 
trol—less than 5° F. variation. Features com- 
som variable control over full temperature range 

om 100° to 700° F. Compact, convenient... 
plugs into any 110 V. 50/60 Cy. circuit. Plate size, 
6” square. Cast aluminum top heats rapidly to all 
edges. Neon pilot light. Well insulated and venti- 
lated. Price, $19.75. Write for literature and 
nearest dealer’s name. 


THERMO ELECTRIC MANUFACTURING CO. 
471 Huff St., Dubuque, lowe. 


FoR PRECISE 


NOMTADING 


GLASS COLOR 
STANDARDS 


Hellige Glass Color 
Standards are safely 
mounted in unbreak 
able plastic frames. 
They are more 
convenient and ece 
nomical. They never 
fade or change 
THEY NEVER FAIL. 


Write for NEW Comparator Catalog No. 600-10 


HELLIGG 


INCORPORATED 
3718 NORTHERN BLVD.. LONG ISLAND CITY J. N.¥. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 
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Telephone Plaza 7-6317 


3-Acetylpyridi Ithiochol 


oride 
Ceryl ho -Chlor B-Chloralose; p-Chioroanilidoph 

fory Hormone, “Clupeiny Collagen, Columbium Chioride, 


in 
-Ethionine; Ethylened 
ructose-6-Phosp ate Gitorin, cid; Gluco- 
sides; Glucuronides, Glyceraldehyde Phosphate; Giveylalvevislycine, 
Glyevlleucine, Glycyltry; Heparin; Hexo- 
kinase; Hyaluronic Aci 4-Hydroxyacridine; 
s-lodosobenzoic Acid; Acid; Isocitric Acid; lsocytosine; 
'ynaurenic Acid; Lactobionic Acid; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
6-Mercaptopropionic Mescaline Sulfate; Mesocystine; 
B-Methylerotonic Acid; 3-Methyl- 
cytosine; Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordehydrogusiaretic Acid; Osmic Acid; Fas 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Acid; Phosphopyruvie Acid; Phthiocol; 
Protocatechuic Acid; Pyrimidine; Reductic 
ium Fluoroacetate Sphin- 
gosine, Stilbamidine Tentalum Chloride; o-Ter- 
m- p-Terphenyl, Thiomalic Acid, 8-Tocopherol, 

rigone! ropic Tyrosinase; Urease eryst cryst.; Uridine; 
biliny Ursolic Acid; Vitamin Bi: 


xe 


Ask us for others! 


DELTA CHEMICAL WORKS 
23 West 60th St. New York 23,N.Y. 


SPECTROSCOPE 
for Spectrum bualysia 
with COMPARISON PRISM 


be 
Used burner, Auorescent 
daylight, Geissler tubes, sodium or Emenee lamps. Table 
stand and test tube attachments available 


LABORATORY EQUIPMENT CO. 
526 FOLSOM STREET e SAN FRANCISCO, CALIF. 


ACCURATE CO, Tests in 40 Seconds! 


Other outstanding features of the FYRITE CO. 


Indicator are its durable, fool-proof construction 
and unmatched convenience of operation. Only 
the four simple steps shown at the left are required 
for a complete analysis. The instrument comes com- 
plete with chemical charge good for at least 300 
readings. Replacing chemical merely requires re- 


moving four screws that hold top assembly in place. 


Write for Leaflet 795 


OXYGEN Indicator designed on same prin- 
ciple also available. Write for Leaflet 700. 


BACHARACH INDUSTRIAL INSTRUMENT CO. 


7000 BENNETT STREET— PITTSBURGH 8, PA. 


there’s an 
E&D 
FILTER PAPER 
for most filtration problems 
of science or industry 


As manufacturers of filter and absorbent 
papers we gladly place at your disposal 
our experience and skill in helping you 
select the proper paper for the problem 
confronting you. Or, ifanew 
kind of paper is indicated, chances are 
we can produce it for you. 
Call on us without any obligation. 


ENTON-DIKEMAN 


“MANUFACTURERS OF FINE FILTER PAPERS” 


Mt. Holly Springs, Pa. 
: 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


CHECK THESE FEATURES: 
Stainless Steel C 


Count on the Hotpack Electric Constant Temperature Bath. Designed for 
laboratories requiring constant temperature with a high degree of ac- 
curacy. “Typical uses include specific gravity determinations, conductivity 
tests, physio-chemical and botanical experiments. 


Adjustable Mercury Temperature Control to 100°C. 


One inch of insulation between the walls. 


Controls are 


Built-in 


THE ELECTRIC 


ARE YOU LOOKING 
FOR A PUBLISHER? 


Our policy is to encourage new, unknown writ- 
ers. If you are seeking a i of your 
wor! 
you. coo ee for Free ‘Booklet JC Address re- 
to 
antage Press, 230 W. St, New York 18 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 
Ypsilanti, Michigan 


Write for 
QUANTITY PRICES 


QUALITY APRONS 


SCHOOL PRODUCTS CO. 
111 Hudson Street, N. Y. 13 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 
Vitamins and Derivatives 


17 West 60th St., New York 23, N.Y. 
Plaza 7-8171 


Heating elements eee oe under the Bath. 
accessories at no additional cost. 


Write for detailed information on Fo a Bath and the complete 


., INC., 5097 COTTMAN ST., PHILA. 35, PA. 


AMINO ACIDS—RESEARCH 


BIOCHEMICALS 


Basic Producers of HYDROXYPROLINE 
PROLINE, ARGININE 
=" HOMERS, ETC. 


H. M. “CHEMICAL. CO., LTD. 
1651—=18th St., Santa Monica, Cal 


NEW LABORATORY MILL by “Labconco” 
solves panna | grinding problems in laboratories that 
a number and variety of samples: 


aeremnenee ustment on this rugged mill permits 
an endless number of settings, from powder-fine to 


full datas the mew ml wt 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street e Kansas City, Mo 


AMINO ACIDS 
ENZYMES 
BIOCHEMICALS 


Mann Fine Chemicals, Inc. 
136 Liberty St., New York 6, N. Y. 


Di thet hthal, 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


MICROCARDS - MICROFILMS 
TECHNICAL PUBLICATIONS 
SERVICES AND EQUIPMENT 
Write for full information on new microcard service 

and chemical journal 
TECHNICAL MICROCARD PUBLISHING 
112 LIBERTY STREET, NEW YORK 6, N. 
REctor 2-2057 


Cargille 


Micro Beakers 


Leaflet on Request 
Price: $7.50 per Gross; Plastic Holder 
$.50; or send $2.00 for 24 assorted 
Beakers with Plastic Holder as illus. 


trated. 
R. P. CARGILLE 
118 Liberty St. New York 6, N.Y, 


FLEXIBLE PLASTIC TUBING 


TOP QUALITY, MODERATELY PRICED 
Nalge’s Alanol flexible plastic tubing is 
tough, clear and chemically inert. Can be 
used for corrosive chemicals, alcohol, food 
products, beverages and oils. Sterilizable 
with steam, it is made of a Viny! Chloride 
Compound and stocked in 37 sizes from .120 
to 1 inch i.d., 170 to 1% inches o.d. Tem- 
aoy 1y range is minus 35 to plus 190 de- 


grees 

Ask us for prices and quantity discounts, 
they will show large savings over competi- 
tive products. Samples supplied. 


The NALGE Company 


623 S. Goodman St., Rochester 20, N.Y 


BROOKFIELD 
Synchro-Lectric 
VISCOMETER 


Makes accurate viscosity determinativns. in 
less than 30 seconds — as simply, quickly, 
easily as taking temperature. 


BROOKFIELD 
Counter-Rotating 


MIXER 
Two concentric, oppositely rotating shafts, 
up to 48,00. 


‘cuts per minute. 
Write for fully descriptive literature. 


DHNER 


For The Chemist and Engineer 
Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-103 


SOLE DISTRIBUTORS FOR U.S.A 


IVAN SORVALL, INC 


210 FIFTH AVE., NEW YORK 10, N. ' 
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HEATING UNITS 


for special processes 


requiring controlled heating 


These units consist of coils of 
high grade nickel chromium 
wire in refractory shapes. A 
diversity of sizes and shapes 
permits many varied appli- 
cations. Temperatures up to 
2000 F. may be obtained. 


‘CONTROL YOUR HEATING PROCESS WITH A 
HEV! DUTY TAP-CHANGING TRANSFORMER 


Designed specifically for changing the voltage to that required — 


to control the temperature of “Multiple Unit" heating units. Any 
practical number of output voltage steps may be obtained to 
provide a precise range of control. 


Send us your specifications or request for data. = 
DUTY ELECTRIC COMPANY 


HEVI 


HEAT TREATING FURNACES 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


ELECTRIC EXCLUSIVELY 


: 
4 
— 
Griener Co., Emil... . . 4 
J 
j 
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TWO TUBES . . . TWO CIRCUITS 
COMBUSTRON MODEL 120 


 COMBUSTRON 


ELECTRONIC INDUCTION HEATER 


TWO SEPARATE CIRCUITS PROVIDE TWO UNITS IN OM 


Once again—Burrell has blazed a trail to greater value ai 
service. With a Combustron, Model 120, users get two sepafilt 
high frequency induction heaters built into one compact 
oratory instrument. Operation of one circuit does not aiiet 
operation of the other in any way. Thus users get dual vali 
for heavy production or standby convenience. 


-COMBUSTRON MODEL 120 Loading is horizontal for greatest flexibility. Combustion boats 

Two Tul tia iS may be used for a great variety of samples ranging from coarse t0 

115 Volt—60 Cycle \ fine meshes and low to high carbon content including alloy ste¢ 
$1100.00 


steels, each Burrell combustion boat will take up to a full facto! 


\ cast iron and stainless steel. And—for analysis of low carbo 
1 weight of coarse drillings. 


COMBUSTRON MODEL 110 

> One Tube—One Circuit 

Volt-—60 Cycle 
$750.00 


Either Combustron model—two tube or one tube—provides rapid 
and accurate analysis of carbons-by-combustion. 


Order direct from Burrell or Write for Bulletin No. 31% 


BURRELL CORPORATION + 2223 FIFTH AVE., PITTSBURGH 19, PA 
LABORATORY APPARATUS FOR SCIENTISTS EVERYWHERE 
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apid Wars THE CHIPS ARE DOWN, the quality 
of food, clothing, weapons and equipment 

can spell disaster or victory. 
Today, as America builds her defenses, 
thousands of scientists and their many 
lntncate glass weapons—precision instru- 


319. 


PA KIMBLE GLASS TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 


ments—are needed to check the quality 
of this materiel before it goes overseas. 
And, too, new clothes, new weapons, new 
foods and new equipment must come from 
research laboratories to keep pace with the 
changing exigencies of world conditions, 


Kimble “xormax”™ Burette No. 17031, 100 ml; 
Kimble “Normax™ Precision Graduatea Cylinder 
No. 20026, 250 ml; Kimble “xormax” Volumetric 
Flask No. 28017, 250 ml. 


Scientists and glass weapons keep Ameriea strong 


Kimble is humbly proud to contribute to 
our national defense, and is determined 
to keep American scientists armed with 
whatever glass weapons they need to do 
the work that will some day bring real 
and lasting peace. 
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V Same room dimensions 
Standard units 


Any Room Size - Any Type of Work 


Versatility and simple installation or reassembly—together with immediate avail- 


ability from stocks on hand—are outstanding features of Fisher Furniture. 


Innumerable combinations of 20 basic units permit assembly of equipment for a 


wide variety of laboratory work. 


PITTSBURGH 


717 Forbes (19) 


Write for free catalog 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN 


NEW YORK 
635 Greenwich (14) 


WASHINGTON 


7722 Woodbury 
(Silver Spring, Md.) 


ST. LOUIS 
2850 S. Jefferson (18) 


MONTREA 
904 St. James 
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